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12.  MASTER  RESOLUTION  TASK 

The  Master  Resolution  Task  utilizes  the  aircraft  pair  output 
data  of  the  ATARS  Detect  Task  to  manage  encounters  and  determine 
resolution  advisories.  Its  functions  are: 

1.  Cause  resolution  advisories  to  be  Issued  when  two 
requests  for  resolution  advisories  on  any  three 
consecutive  scans  have  been  generated  by  the  detection 
logic  or  issue  resolution  advisories  immediately  when 
the  detection  logic  has  determined  that  a  maneuvering 
aircraft  is  a  threat. 

2.  Select  the  appropriate  positive  or  negative  resolution 
advisories  for  the  pair  using  the  Resolution 
Advisories  Evaluation  Routine  (RAER).  If  existing 
resolution  advisories  prevent  the  selection  of 
resolution  advisories  for  this  pair,  attempt 
resolution  later  in  the  scan. 

3.  Recalculate  resolution  advisories  if  the  advisories 
selected  on  the  previous  scan  are  incompatible  with 
advisories  selected  by  another  source  (a  remote  ATARS 
site  or  BCAS).  Incompatibility  could  occur  if  two  or 
more  sources  are  selecting  advisories  on  the  same 
scan,  and  the  sources  do  not  have  the  capability  of 
communicating  with  each  other. 

4.  Calculate  double  dimension  resolution  advisories  if 
either  maneuvering  aircraft's  turn  status  changes  so 
as  to  be  counterproductive  to  the  horizontal 
resolution  advisory  selected.  Recalculate  resolution 
advisories  if  the  relative  vertical  velocity  of  the 
pair  changes  so  as  to  indicate  that  the  selected 
vertical  resolution  advisories  are  ineffective.  Check 
for  these  conditions  for  two  scans  after  resolution 
advisories  are  initially  chosen  or  modified. 

5.  Select  a  resolution  advisory  for  a  controlled  aircraft 
in  conflict  with  an  uncontrolled  aircraft  when  the 
detection  logic  determines  that  the  resolution 
advisory  to  the  uncontrolled  aircraft  is  not  providing 
sufficient  separation.  Select  a  resolution  advisory 
for  a  controlled  aircraft  whenever  there  is  a 
multi-aircraft  conflict  regardless  of  the  detection 
logic's  determination  of  the  necessity  for  a 
resolution  advisory  to  the  controlled  aircraft. 
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6.  Monitor  the  change  in  the  resolution  dimension  miss 
distance  and  transition  resolution  advisories  between 
positive  and  negative  as  the  projected  separation  of  the 
encounter  changes. 

7.  Monitor  the  response  of  aircraft  to  ATARS  positive 
single  dimension  resolution  advisories  and,  if 
necessary,  issue  additional  resolution  advisories  in  the 
event  of  apparent  non-response,  as  evidenced  by  a 
diminishing  miss  distance  in  the  resolution  dimension. 

12.1  Overview 


Table  12-1  is  a  high-level  description  of  the  major  functions 
performed  by  the  Master  Resolution  Task.  The  basic  strategy  of 
the  task  is  to  select  resolution  advisories  for  each  conflict 
pair  based  on  the  status  of  all  aircraft  in  a  conflict  cluster 
(ss  given  in  the  Conflict  Table).  These  advisories  are  recorded 
in  the  Fair  Record  and  the  effective  resolution  advisory  is 
placed  in  each  aircraft's  Conflict  Table  Entry. 

The  resolution  advisories  in  the  Pair  Record  may  be  thought  of 
as  representing  the  desired  resolution  advisories  for  this 
pair.  All  of  the  desired  resolution  advisories  for  an  aircraft 
are  examined  and  the  most  severe  resolution  advisory  in  each 
dimension  becomes  the  effective  resolution  advisory  in  that 
dimension  in  the  Conflict  Table  Entry.  As  pairs  go  in  and  out 
of  conflict,  the  effective  resolution  advisory  for  an  aircraft 
may  change  severity  (positive/negative)  and/or  dimension 
(vertical/horizontal) . 

Because  the  resolution  logic  Interacts  extensively  with  the 
Conflict  Table  and  Pair  Records,  these  data  structures  are 
discussed  next.  They  are  defined  in  pseudocode  Section  3.5. 

12.2  Conflict  Table  and  Pair  Record  Data  Structures 


There  are  two  types  of  data  required  by  the  Master  Resolution 
Task  for  management  of  ATARS  resolutions: 

1.  Inherently  pairwise  information,  such  as  time  at  which 
resolution  advisories  were  initiated  or  miss  distance  on 
previous  scan 

2.  Multi-aircraft  information  concerning  the  entire  cluster 
of  conflicting  aircraft 
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TABLE  12-1 


MAJOR  FUNCTIONS  PERFORMED  BY  THE 
MASTER  RESOLUTION  TASK 


Master  Resolution  Task 


1.  Own  ATARS  site  resolution  responsibility 

•  Other  ATARS  sites'  resolution  advisories  adequacy 
test 

2.  Initial  resolution  advisory  selection 

•  Resolution  Advisories  Evaluation  Routine 

-  If  unable  to  select  advisories, 

delay  resolution 

3.  Recalculate  advisories  if  previous  advisories  are 
Incompatible  with  advisories  from  another  source 

•  Resolution  Advisories  Evaluation  Routine 

-  If  unable  to  select  advisories, 

delay  resolution 

4.  Recalculate  advisories  if  the  conflict  geometry  has 
changed  detrimentally 

•  Resolution  Advisories  Evaluation  Routine 

If  unable  to  select  advisories, 
continue  present  advisories 

5.  Posltive/negatlve  resolution  advisory  transition 

•  Resolution  Advisories  Evaluation  Routine 

-  If  unable  to  select  advisories, 

continue  present  advisories 

•  Vertical  speed  limit  advisory  evaluation 
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TABLE  12-1 
(Concluded) 


6.  Controlled  aircraft  resolution  advisory 
addition  in  controlled/uncontrolled  pair 

•  Resolution  Advisories  Evaluation  Routine 

-  If  unable  to  select  advisories, 

continue  present  advisories 

7.  Recalculate  advisories  if  aircraft  non-response  is 
detected 

e  Resolution  Advisories  Evaluation  Routine 

-  If  unable  to  select  advisories, 

continue  present  advisories 

8.  Resolution  advisory  posting  to  Pair  Record  and  Conflict 
Table  Entries 
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Each  aircraft  involved  in  a  conflict  has  a  pointer,  CTPTR,  in 
its  system  State  Vector  pointing  to  the  head  of  a  Conflict 
Table.  The  Conflict  Table  Head  consists  of  the  count  of  the 
number  of  aircraft  in  the  cluster,  pointers  to  the  head  of  the 
next  and  previous  Conflict  Tables  in  the  linked  list  of  Conflict 
Tables,  a  flag  that  indicates  whether  any  aircraft  in  this 
Conflict  Table  is  in  an  ATARS  seam,  a  pointer  to  the  list  of  the 
Pair  Records,  and  a  pointer  to  the  first  of  the  Conflict  Table 
Entries. 

The  Conflict  Table  Entries,  one  for  each  aircraft  in  a  conflict, 
make  up  the  body  of  the  Conflict  Table.  The  Conflict  Table 
Entries  are  linked  together  to  permit  easy  insertion  or  deletion 
of  aircraft  (although  the  table  could  be  conceptually  regarded 
as  a  simple  array  of  Conflict  Table  Entries).  The  fields  in 
each  Conflict  Table  Entry  are  used  to  record  information  about 
the  aircraft  in  relation  to  the  conflict  cluster,  to  record  the 
effective  vertical  and  horizontal  resolution  advisories  (VMAN 
and  HMAN)  for  each  aircraft,  and  to  record  the  advisories  being 
displayed  (VMAND  and  HMAND)  after  the  most  recent  scan. 

For  every  aircraft  pair  declared  In  conflict,  a  Pair  Record  is 
created  and  linked  into  the  list  of  Pair  Records  for  this 
Conflict  Table.  The  Pair  Record  contains  information  on  the 
particular  encounter  underway,  the  selected  resolution 
advisories  for  the  pair,  pointers  to  the  Conflict  Table  Entries 
of  the  aircraft  involved  and  the  identification  of  the  ATARS 
function  controlling  the  resolution  of  that  pairwise  conflict  or 
an  indication  of  BCAS  control. 

A  Pair  Record  is  also  created  when  an  aircraft  receives  a 
resolution  advisory  from  BCAS  or  from  a  non-connected  ATARS 
site.  In  this  case,  the  identification  of  the  other  aircraft  is 
set  to  a  dummy  value. 

The  interplay  of  the  Conflict  Table  and  Pair  Records  (as 
discussed  in  the  following  sections)  permits: 

1.  The  selection  of  resolution  advisories  based  on  the 
status  of  the  entire  conflict  cluster  under  the 
multi-aircraft  rules 

2.  The  management  of  modifications  to  resolution  advisories 
due  to  resolution  advisory  transitions  in  severity  and 
dimension 
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The  Pair  Records  and  Conflict  Table  for  a  sample  three-aircraft 
conflict  are  shown  in  Figure  12-1.  Only  a  portion  of  each 
aircraft's  State  Vector  is  shown. 

Both  conflict  pairs  in  the  example  have  one  aircraft,  AC3,  in 
common.  Therefore,  all  three  aircraft  are  placed  in  the  same 
Conflict  Table,  CTl,  which  is  pointed  to  by  each  aircraft's 
State  Vector  Conflict  Table  pointer,  CTPTR.  Each  State  Vector 
also  points  to  its  respective  Conflict  Table  Entry  by  the 
Conflict  Table  Entry  pointer,  CTE.  Since  an  aircraft  may  be  in 
more  than  one  Pair  Record  at  a  time,  there  is  no  pointer  from 
the  State  Vector  directly  to  the  Pair  Records.  However,  the 
list  of  Pair  Records  associated  with  this  Conflict  Table  is 
pointed  to  from  the  Conflict  Table  Head  using  the  pointer 
PLIST.  A  particular  Pair  Record  may  be  pointed  to  from  the 
Conflict  Table  Entry.  A  Pair  Record  that  has  a  horizontal 
resolution  advisory  for  an  aircraft  is  pointed  to  by  the  ACIDH 
field  in  the  Conflict  Table  Entry.  Only  one  Pair  Record  is 
pointed  to  by  ACIDH  (ACIDV).  The  field  MULTH  in  the  Conflict 
Table  Entry  is  a  count  of  the  number  of  Pair  Records  containing 
a  horizontal  resolution  advisory  for  an  aircraft.  A  value  of 
MULTH  ( MU LTV )  greater  than  one  indicates  that  more  than  one 
conflict  pair  is  contributing  to  the  effective  horizontal 
(vertical)  resolution  advisory  for  an  aircraft. 

In  the  example  shown  in  Figure  12-1,  the  first  Pair  Record 
records  information  for  the  conflict  between  ACl  and  AC3.  The 
selected  advisories,  turn  left  (L)  and  turn  right  (R),  are 
recorded  in  the  Pair  Record  and  in  the  Conflict  Table  Entries. 
The  Conflict  Table  Entries  for  ACl  and  AC3  point  to  the  first 
Pair  Record,  PR1,  as  containing  the  horizontal  resolution 
advisories  for  these  two  aircraft. 

The  second  conflict  involves  AC2  and  AC3.  The  selected 
resolution  advisories  climb  (C)  and  descend  (D)  for  this  pair 
are  recorded  in  the  second  Pair  Record,  PR2 ,  and  in  the  Conflict 
Table  Entries  for  AC2  and  AC3. 

The  field  NCON  in  the  Conflict  Table  Entries  is  a  count  of  the 
number  of  conflicts  in  which  an  aircraft  is  involved. 

12.3  Selection  of  Resolution  Advisories  for  a  Conflict  Pair 


The  Master  Resolution  Task  uses  the  output  of  the  Detect  Task  to 
determine  if  resolution  advisories  must  be  calculated  for  a  pair 
of  aircraft.  Master  resolution  may  determine  that  resolution 
advisories  are  not  required,  that  this  is  the  first  time 
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resolution  advisories  are  required  or  that  resolution  advisories 
should  be  recomputed  for  the  pair.  Each  of  these  possibilities 
is  discussed  in  the  following  sections. 

Before  the  Master  Resolution  Task  can  determine  if  resolution 
advisories  are  required  this  scan,  it  must  determine  if  this 
ATARS  site  is  responsible  for  the  pair.  If  the  RAREQ  flag  is 
set  in  the  Encounter  List  entry,  then  own  site  is  responsible. 
However,  if  the  Seam  Pair  Task  has  flagged  this  site  as 
provisionially  responsible,  then  master  resolution  examines  the 
resolution  advisories  being  given  to  the  DABS  aircraft  in  the 
pair  from  other,  higher-priority  ATARS  sites.  If  those 
advisories  are  determined  to  be  adequate  to  resolve  the 
conflict,  then  own  site  is  not  responsible  for  the  pair.  If 
they  are  determined  not  adequate,  then  own  site  takes 
responsibility  for  the  pair. 

12.3.1  Initiation  of  Resolution  Advisories 


Because  ATARS  decisions  are  based  on  tracked  information  which 
is  subject  to  random  fluctuations  from  scan  to  scan,  it  is 
desirable  to  incorporate  logic  to  reduce  false  alarms  when 
dealing  with  resolution  advisories.  Incorporating  a  rule  which 
requires  the  conditions  for  issuing  resolution  advisories  to  be 
satisfied  on  two  consecutive  scans  normally  could  prevent 
unnecessary  resolution  advisories  because  of  errors  on  a  single 
scan.  But  this  rule  can  also  lead  to  late  alarms.  If  on  one 
scan  the  calculations  require  resolution  advisories,  but  on  the 
second  scan  they  do  not  (because  of  random  errors)  when  they 
should,  then  it  would  require  two  additional  scans  to  fully 
declare  the  conflict,  and  a  late  resolution  would  occur.  To 
alleviate  this  problem,  a  rule  is  implemented  which  will  issue 
resolution  advisories  if  the  Detect  Task  requires  resolution 
advisories  on  any  two  of  three  consecutive  scans. 

This  two-out-of-three  rule  is  implemented  through  the  use  of  a 
conflict  control  variable,  POSCMD.  When  a  request  for 
resolution  advisories  is  generated  for  a  given  pair,  a  Pair 
Record  is  created  and  POSCMD  is  initialized.  POSCMD  is  then 
updated  according  to  the  transition  logic  in  Table  12-2.  POSCMD 
is  updated  on  each  scan  that  the  Master  Resolution  Task  is 
called  for  a  conflict  pair,  until  POSCMD  reaches  a  value 
indicating  that  resolution  advisories  should  be  computed.  The 
maneuvering  target  threat  flag,  MTTFLG,  indicates  an  immediate 
need  for  resolution  advisories.  If  MTTFLG  is  set  (Section  8), 
then  the  normal  transition  sequence  is  bypassed  and  resolution 
advisories  are  calculated  immediately. 
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TABLE  12-2 

POSCMD  TRANSITION  LOGIC 


NEW  VALUE  OF  POSCMD  BASED  ON 

PREVIOUS  POSCMD1  VALUE  OF  FLAGS  FOR  CURRENT  SCAN 


Set 

nuruj  riag 

Not 

set 

CMDFLG  Flag  | 

Set 

Not  Set 

Jnotset2 

iRANEC 

$ONEHIT 

i 

iNORA  j 

iONEHIT 

iRANEC 

$RANEC 

I 

iONEMIS 

1  i 

iONEMIS 

iRANEC 

iRANEC 

l  1 

iNORA 

1POSCMD  takes  on  additional  values  after  resolution  advisories  are 
selected.  See  Appendix  B. 


'iNORA  -  Conflict  detected  on  only  one  out  of  three  scans. 

Resolution  advisories  are  not  needed  for  this  pair, 
pair  may  be  deleted. 


The 


iNOTSET  -  Initial  value,  POSCMD  not  set. 

iONEHIT  -  Conflict  detected  on  one  scan.  Resolution  advisories  not 
yet  necessary. 

iONEMIS  -  Conflict  detected  on  one  scan,  no  conflict  detected  on  the 
next  scan.  Resolution  advisories  not  yet  necessary. 

iRANEC  -  A  conflict  has  been  detected  on  two  out  of  three  scans  or 
the  Immediate  need  for  resolution  advisories  has  been 
detected.  Resolution  advisories  should  be  computed  for  this 
pair. 


I 
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The  Detect  Task  determines  the  need  for  resolution  advisories 
and  sets  the  CMDFLG  and  MTTFLG  accordingly.  The  Seam  Pair  Task 
evaluates  the  site's  resolution  responsibility  for  the  pair. 

When  no  resolution  is  performed,  Resolution  Deletion  Task  or 
Conflict  Pair  Cleanup  Task  handies  the  updating  of  POSCMD.  If 
POSCMD  reaches  a  state  indicating  no  resolution  advisory  is 
necessary,  the  pair  is  declared  to  be  not  in  conflict  and  the 
Pair  Record  is  deleted  (Section  15).  The  Conflict  Table  Entries 
may  be  deleted  if  the  aircraft  are  in  no  other  conflicts. 

12.3.1.1  Initial  Resolution  Advisory  Selection 


When  master  resolution  first  determines  that  resolution 
advisories  should  be  selected  for  a  pair  of  aircraft  in 
conflict,  it  calls  the  Resolution  Advisories  Evaluation  Routine 
(RAER)  to  select  the  actual  advisories.  Three  parameters  are 
passed  to  the  Resolution  Advisories  Evaluation  Routine  from 
master  resolution  along  with  the  identification  of  the  subject 
conflict  pair.  One  parameter  indicates  whether  single  or  double 
dimension  resolution  advisories  are  desired. 

The  second  parameter  indicates  that  the  Master  Resolution  Task 
is  calling  the  Resolution  Advisories  Evaluation  Routine.  This 
indicates  to  RAER  that  the  complete  resolution  logic  should  be 
performed.  This  is  in  contrast  to  when  RAER  is  called  by  the 
Conflict  Resolution  Data  Task.  These  differences  are  explained 
in  Section  13. 

The  third  parameter  is  passed  indirectly  to  the  Resolution 
Advisories  Evaluation  Routine.  This  is  an  indication  of  whether 
the  controlled  aircraft  is  to  be  maneuvered.  A  resolution 
advisory  is  always  selected  for  an  ATARS-equipped  uncontrolled 
aircraft  in  a  conflict  pair  when  it  is  not  in  a  final  approach 
zone.  If  either  aircraft  is  an  ATARS-equipped  controlled 
aircraft,  a  resolution  advisory  is  selected  for  that  aircraft 
only  if  the  PIFR  flag  in  the  Pair  Record  has  been  set  by  master 
resolution. 

Master  resolution  sets  the  PIFR  flag  in  the  Pair  Record  if  the 
detection  logic  has  indicated  that  any  controlled  aircraft  in 
this  pair  should  receive  resolution  advisories.  The  detection 
logic  indicates  this  by  setting  the  IFRFLG. 

Master  resolution  will  also  set  the  PIFR  flag  if  the  current 
conflict  pair  contains  an  ATARS-equipped  controlled  aircraft  and 
is  part  of  a  multi-aircraft  conflict.  If  an  ATARS-equipped 
aircraft  is  in  a  multi-aircraft  cluster,  it  is  desirable  to 
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actively  maneuver  the  aircraft  in  resolving  the  conflict,  rather 
than  counting  on  two  or  more  other  aircraft  to  resolve  the 
conflict . 


12.3.2  Resolution  Advisory  Change  Logic 


Subsequent  to  the  first  scan  that  resolution  advisories  are 
selected,  the  severity  (positive/negative),  resolution  dimension 
(horizontal/vertical)  and  even  the  number  (single/double 
dimension)  of  resolution  advisories  for  a  conflict  pair  may 
change  from  scan  to  scan.  The  various  conditions  under  which  the 
resolution  advisories  may  change  are  described  in  the  following 
sections. 


12.3.2.1  Recomputation  Because  of  Incompatible  Resolution 
Advisories 


Resolution  advisories  may  be  selected  for  an  aircraft  pair  at 
one  ATARS  site  at  the  same  time  that  resolution  advisories  are 
being  selected  for  one  or  both  of  the  aircraft  by  BCAS  or  by 
another  non-connected  ATARS  site.  If  this  situation  occurs  it 
is  possible  for  the  resolution  advisories  selected  by  the  two 
different  sources  to  be  incompatible.  If  the  resolution 
advisories  from  BCAS  or  the  other  ATARS  site  are  accepted  by  the 
aircraft  before  the  resolution  advisories  from  the  local  site 
are  uplinked,  then  the  advisories  from  the  local  site  will  be 
rejected  by  the  ATARS  avionics.  This  condition  will  be 
recognized  by  the  RAR  Processing  Task,  which  will  delete  the 
advisories  in  the  Pair  Record  and  set  the  conflict  control 
variable,  POSCMD,  to  indicate  that  the  resolution  advisories 
from  this  site  must  be  recalculated.  The  setting  of  POSCMD  will 
also  Indicate  if  single  or  double  dimension  resolution 
advisories  were  selected  by  this  site. 

The  first  check  done  by  the  Master  Resolution  Task  when 
resolution  advisories  were  given  previously  is  to  determine  if 
they  must  be  recomputed  because  of  incompatibility  with 
resolution  advisories  from  other  ATARS  sites  or  BCAS.  If  RAER 
is  called  to  recompute  advisories  and  it  is  unable  to  select  new 
resolution  advisories,  resolution  is  delayed. 

12.3.2.2  Validation  of  Resolution  Advisories 


The  horizontal  turn  status  of  each  maneuvered  aircraft  and  the 
relative  vertical  velocity  of  the  aircraft  pair  are  factors  in 
selecting  resolution  advisories  for  a  conflict  pair.  To  ensure 
that  the  turn  status  of  the  maneuvered  aircraft  or  the  relative 


12-11 


vertical  velocity  of  the  pair  has  not  changed  in  a  way 
detrimental  to  the  selected  resolution  advisories,  a  validation 
of  the  PSEP  modeling  assumptions  is  performed  within  two  scans 
of  selecting  single  dimension  resolution  advisories.  This  logic 
is  referred  to  as  the  PSEP  model  validation  logic. 

For  two  scans  after  horizontal-only  resolution  advisories  are 
selected,  master  resolution  checks  for  the  turn  status  of  either 
aircraft  changing  from  its  status  on  the  scan  in  which 
resolution  advisories  were  selected.  If  the  turn  status  has 
changed  and  the  current  turn  status  is  detrimental  to  the 
selected  resolution  advisories,  then  resolution  advisories  are 
recalculated.  RAER  is  called  and  double  dimension  resolution 
advisories  are  requested.  Table  12-3  shows  the  conditions  under 
which  resolution  advisories  are  recalculated  because  of  turn 
status  changes. 

If  the  relative  vertical  velocity  changes  significantly  within 
two  scans  of  selecting  vertical-only  resolution  advisories,  and 
the  chosen  advisories  are  ineffective  based  on  the  current 
relative  vertical  velocity,  then  resolution  advisories  are 
recalculated.  RAER  is  called  and  double  dimension  resolution 
advisories  are  requested.  Table  12-4  shows  the  conditions  under 
which  changes  in  the  relative  vertical  velocity  of  the  pair 
cause  a  recalculation  of  resolution  advisories.  If  RAER  is 
unable  to  select  resolution  advisories,  the  previously  selected 
advisories  continue  to  be  given. 

12.3.2.3  Controlled/Uncontrolled  Conflict  Pair 


When  an  ATARS-equipped  controlled  aircraft  and  an  equipped 
uncontrolled  aircraft  are  declared  in  conflict  by  the  detection 
logic,  normally  the  uncontrolled  aircraft  is  maneuvered  without 
maneuvering  the  controlled  aircraft.  This  is  accomplished  by 
using  larger  detection  thresholds  to  determine  the  need  for  the 
uncontrolled  aircraft's  advisory  than  are  used  to  determine  the 
need  for  the  controlled  aircraft's  advisory.  However,  if  it  is 
determined  on  a  later  scan  that  the  controlled  aircraft  should 
be  maneuvered,  RAER  is  called  to  compute  advisories  for  both 
aircraft.  The  PIFR  flag  is  set  in  the  Pair  Record  to  indicate 
that  the  controlled  aircraft  should  receive  an  advisory. 

If  the  Resolution  Advisories  Evaluation  Routine  is  able  to 
compute  advisories  for  both  aircraft,  then  the  PIFR  flag  remains 
set  in  the  Pair  Record.  If  RAER  is  not  able  to  compute  an 
advisory  for  the  controlled  aircraft,  PIFR  is  reset  and 
resolution  is  delayed.  If  this  pair  is  being  processed  by 
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TABLE  12-3 


HORIZONTAL  TURN  STATUS  CHANGES  SINCE  RESOLUTION 
ADVISORY  SELECTION  THAT  MAY  CAUSE  RECOMPUTATION 


HORIZONTAL 

RESOLUTION 

ADVISORY 

CURRENT 

TURN 

STATUS 

TURN  STATUS  WHEN 

RESOLUTION  ADVISORY 

SELECTED 

BSTRNGLFT 

BSTRNGRGT 

ALL  OTHERS 

Btl1 

Bstrnglft 

Bfalse2 

Bfalse 

Bfalse 

OR 

Bstrngrgt 

Btrue 

Bfalse 

Btrue 

BDTR 

ALL  OTHERS 

Btrue 

Bfalse 

Bfalse 

Btr 

Bstrnglft 

Bfalse 

Btrue 

Btrue 

OR 

Bstrngrgt 

Bfalse 

Bfalse 

Bfalse 

Bdtl 

all  others 

Bfalse 

Btrue 

Bfalse 

Bnores 

ALL  VALUES 

Bfalse 

Bfalse 

Bfalse 

^Complete  description  provided  In  Appendix  B • 

2$FALSE  -  advisories  do  not  need  to  be  recalculated. 
BTRUE  -  advisories  do  need  to  be  recalculated. 
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MVZDM  -  300  f pm 

^Complete  description  provided  in  Appendix  B. 
HfALSE  -  advisories  do  not  need  to  be  recalculated 
•  TRUE  -  advisories  do  need  to  be  recalculated 


Normal  Master  Resolution,  then  resolution  Is  delayed  by  setting 
an  Encounter  List  flag  appropriately  so  that  this  pair  will  be 
processed  by  Delayed  Master  Resolution.  This  will  give  the 
Resolution  Advisories  Evaluation  Routine  a  second  chance  on  this 
same  scan  to  try  to  compute  an  advisory  for  the  controlled 
aircraft.  The  advisory  to  the  uncontrolled  aircraft  should  not 
be  deleted  from  the  Pair  Record  even  if  an  advisory  to  the 
controlled  aircraft  can  not  be  adde-l. 

12.3.2.4  Posltive/Negatlve  Resolution  Advisory  Transition 

Resolution  advisories  are  monitored  to  determine  if  a 
negative-to-positive  transition  is  required  or  a 
positive-to-negative  transition  is  allowed.  If  either 
transition  may  occur,  new  resolution  advisories  are  selected  and 
entered  in  the  Pair  Record.  When  positive  resolution  advisories 
are  selected  they  must  continue  for  at  least  TSCMD  seconds 
before  a  transition  may  occur.  If  positive  resolution 
advisories  have  been  issued  in  both  planes  for  the  given  pair 
and  the  resolution  advisories  in  one  plane  transition  to 
negatives,  the  resolution  advisories  in  the  other  plane  are 
deleted . 

Horizontal  resolution  advisories  are  checked  for  possible 
transition  by  comparing  the  miss  distance  calculated  by  the 
Detect  Task  against  the  negative  horizontal  resolution  advisory 
threshold.  If  the  miss  distance  is  less  than  the  threshold, 
then  positive  resolution  advisories  are  needed.  Otherwise, 
negative  resolution  advisories  are  acceptable.  The  normal 
negative  horizontal  resolution  advisory  threshold  is  modified 
(increased)  if  either  aircraft  is  turning. 

Vertical  resolution  advisories  are  checked  for  possible 
transition  by  comparing  the  current  vertical  separation  against 
the  negative  vertical  resolution  advisory  threshold.  If  the 
current  altitude  separation  is  greater  than  the  threshold,  and 
the  aircraft  are  diverging  vertically,  then  positive  vertical 
resolution  advisories  may  transition  to  negatives. 

If  the  current  altitude  separation  is  less  than  the  threshold, 
then  an  additional  check  is  performed  before  requiring  negative 
verticals  to  transition  to  positives.  The  current  altitude 
separation  must  be  less  than  a  parameter  (ATBZP)  percent  of  the 
threshold  before  the  transition  to  positives  is  required. 

If  the  Pair  Record  contains  resolution  advisories  of  a  different 
severity  (positive/negative)  than  those  determined  necessary  by 
the  transition  logic,  then  the  Resolution  Advisories  Evaluation 
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Routine  is  called  to  select  new  resolution  advisories,  The  one 
exception  to  this  rule  is  if  negative  vertical  resolution 
advisories  are  deemed  acceptable  and  negative  vertical 
resolution  advisories  are  already  in  the  Pair  Record.  Then,  the 
vertical  speed  limit  (VSL)  evaluation  logic  is  performed. 

12.3.2.5  Non-responding  Aircraft  Logic 


Additional  logic  provides  for  selecting  double  dimension 
resolution  advisories  when  either  or  both  aircraft  have  not 
adequately  responded  to  the  positive  single  dimension  resolution 
advisories  previously  computed.  A  test  for  non-response  to 
resolution  advisories  is  performed  until  the  aircraft  have  had  a 
chance  to  respond  to  the  resolution  advisories.  Response  is  not 
evaluated  until  TRECOM  seconds  after  resolution  advisory 
selection.  Non-response  to  resolution  advisories  is  inferred  if 
the  miss  distance  in  the  resolution  dimension  decreases  from  one 
scan  to  the  next.  RAER  is  called  and  double  dimension 
resolution  advisories  are  requested.  If  RAER  is  unable  to 
select  new  advisories,  the  previously  selected  advisories  are 
not  deleted. 

12.3.3  Resolution  Advisories  in  the  Pair  Record  and  Conflict 
Table 


After  calling  RAER  to  select  resolution  advisories,  master 
resolution  must  record  the  advisories  selected,  or  handle  the 
pair  properly  if  no  advisories  were  selected. 

When  RAER  returns  resolution  advisories  to  the  Master  Resolution 
Task,  they  are  first  compared  with  the  advisories  that  are 
currently  in  the  Pair  Record  (if  any  exist).  If  this  is  the 
initial  selection  of  advisories,  or  any  of  the  advisories  have 
changed  from  the  previous  scan,  then  the  new  advisories  are 
stored  in  the  Pair  Record.  Also,  the  POSCMD  field  is  set 
appropriately,  TSTART  is  set  to  the  current  time,  the  current 
horizontal  and  vertical  miss  distances  are  saved  and  the 
advisories  are  flagged  to  be  sent  to  the  aircraft.  To 
facilitate  the  PSEP  model  validation  logic,  the  turn  status  of 
both  aircraft  and  relative  vertical  velocity  are  saved.  If  the 
new  advisories  were  selected  because  of  the  PSEP  model 
validation  logic,  then  MVDONE  is  set  to  $TRUE.  Otherwise,  It  is 
set  to  $FALSE. 

After  storing  the  advisories  in  the  Pair  Record,  both  aircraft's 
Conflict  Table  Entries  are  updated.  The  fields  MULTH  and  MULTV 
are  set  to  the  number  of  conflict  pairs  contributing  to  the 
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horizontal  and  vertical  advisories  for  each  aircraft.  The 
Conflict  Table  Entry  fields  HMAN  and  VMAN  are  set  to  the 
effective  horizontal  and  vertical  maneuvers.  The  effective 
maneuvers  are  determined  by  examining  every  Conflict  Table  Entry 
with  an  advisory  for  either  aircraft  and  combining  the 
advisories  using  the  logic  in  Tables  12-5  and  12-6.  It  should 
be  noted  that  the  effective  vertical  resolution  advisory 
determination  logic  shown  in  Table  12-6  is  used  only  for  the 
Conflict  Table  Entry  field  VMAN.  The  field  VMAND  may  take  on 
additional  values.  These  additional  values  are  determined  by 
the  RAR  Processing  Task  (Section  5.2). 

Any  advisories  currently  in  the  Pair  Record  remain  in  the  Pair 
Record  when  RAER  is  unable  to  select  new  resolution  advisories. 
This  is  true  if  the  pair  is  being  processed  by  either  Master 
Resolution  Normal  or  Delayed. 

12.4  Pseudocode  for  Master  Resolution  Task 

The  high-  and  low-level  pseudocode  for  the  Master  Resolution 
Task  is  presented  in  this  section. 

The  low-level  pseudocode  uses  a  shorthand  pointer  notation. 
Rather  than  use  a  pointer  name  pointing  to  a  data  structure,  the 
effective  pointer  is  used  in  place  of  the  name  of  the  data 
structure.  For  example,  on  page  12-Pll,  the  notation 
TPREC.acl.PAC.ACXD  is  used.  This  is  shorthand  for 
TPREC(pointer)  pointing  to  PREC.acl.PAC(pointer)  pointing  to 
CTENTRY. ACID  (note  Appendix  C). 

Another  convention  is  used  within  LOOPs.  The  current  value  of 
the  variable  that  is  the  index  of  the  LOOP  is  denoted  in  one  of 
two  ways.  If  the  variable  has  a  number  suffix  (1  or  2),  the 
suffix  is  dropped  within  the  LOOP.  If  the  variable  does  not 
normally  have  a  suffix,  it  is  given  the  prefix  T  (e.g.,  TPREC  is 
used  for  PREC) . 
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GROUP  res_adv_conputatioa 

PLT  ALPC  <lower  Halt  of  positive  controlled  airspace  used  to 

select  positive  resolation  advisory  altitude  threshold) 
PIT  ALUH  <lo»er  Halt  of  ultra  high  altitude  airspace  used  to 

select  positive  resolution  advisory  altitude  threshold) 
PIT  ASP PH  <high  altitude  positive  resolution  advisory  threshold) 

PLT  ASPPIL  <lov  altitude  positive  resolution  advisory  threshold  for 

controlled/uncontrolled  and  controlled/controlled) 

PLT  STEP!  <lov  altitude  pos  res  adv  threshold  for  uncontrolled  pair) 

PLT  1SBPU  <ultra  high  altitude  positive  res  adv  threshood) 

GROUP  res_adv_recoaputation 

PLT  A”BTP  <Advisory  Transition  Buffer  zone  Percentage) 

PLT  HVTOP  <PSEP  aodel  validation  Z9  factor) 

PL”  *vr on  <PSE?  aodel  validation  »D  aaxiaua) 

PLT  TRECOE  <delay  before  positive  res  adv  lay  be  checked  for  response) 

PLT  TSCBD  <delay  before  positive  res  adv  aay  be  checked  for 

transition  to  negatives) 

GROUP  aiscellaneous 

IP”  APAIR  <nueber  of  AC  in  a  conflict  pair) 

PLT  TTALID  <nuaber  of  scans  when  PSEP  aodel  validation 

logic  perforaed) 


BASTES  HBSOLOTIOII  LOCAL  PARABETERS 


GROPP  loglc_tables 

BIT  DSTRI8H  (5,7,  7)  <PSEP  nodal  validation  logic  table  for  detrimental 

tern  state  changes  vs.  previous  turn  states 
and  previous  selected  res  adv: 

(selected  hor  res  adv,  current  tnrn  state,  tarn  state 
when  resolution  advisories  selected) > 


BIT  PERRIS?  (11,11,3)  <PS!P  sodel  validation  logic  table  for  detrimental 

relative  vertical  velocity  changes: 

(vert  res  adv  for  first  1C,  vert  res  adv  for  sec  1C, 
difference  between  current  relative  vertical  velocity 
and  relative  vertical  velocity  when  res  adv  selected) > 

IilT  EPPER1  (7,7)  <effective  horizontal  resolution  advisory  selection: 

(res  adv  to  be  added,  current  effective  res  adv)  > 

IRT  EFFVR1(13,13)  <effective  vertical  resolution  advisory  selection: 

(res  adv  to  be  added,  current  effective  res  adv) > 
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GBOOP  logic_path 
BIT  BBBCAP 

BIT  BASELBCT 
BIT  RBCALC 
BIT  SBGDIB 

GBOOP  other_site 
HI  OSHSAW 
IBT  OSV9AS 
PLT  PSEPSQ 

GBOOP  pointer 
PTB  BLEBTRT 
PTB  PBEC 
PTB  BADSPTB 
PTB  TACID 
PTB  TP8EC 

GBOOP  res_adv_thr 
PLT  ASEP 
PLT  HOTHB 

ammi; 


(Raster  Basolntion  called  BABB  shen  true.  Conflict 
Besolation  Data  Task  called  BABB  vben  false> 

<resolatlon  advisories  selected  this  scan> 

<BA's  are  to  be  or  have  been  recalculated  this  scan> 

(single  disension  BA’s  preferred  when  true,  double  die  vben 
false> 


<borisontal  res  adv  fros  other  ATABS  non-connected  sites> 
(vertical  res  adv  fros  other  ATABS  non-connected  sites> 
(squared  3-D  separation) 


(encounter  list  entry) 

(subject  pair  record) 

(selected  resolution  advisory  set) 
(tesporary  state  vector  pointer) 
(tenporary  pair  record  pointer) 


(altitude  separation 
(negative  horizontal 


threshold) 

res  adv  threshold) 
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{Resolution  Advisory  Data  Structure> 


GBOCTP  pointers 
PTR  HXTADV 


<next  BIDS  in  list> 


GBODP  advisory_coaponents 
1ST  HI 
IBT  H  2 
IHT  VI 
1ST  72 


{horizontal  coaponent  of  AC  1's  res  adT> 
{horizontal  coaponent  of  AC  2's  res  adv> 
{vertical  coaponent  of  1C  1 • s  res  adv> 
{vertical  coaponent  of  AC  2's  res  adv> 


GBOOP  read-only_f lags 
BIT  CHDED_CHDED 
BIT  CHDED_OSCRDED 
BIT  HORIZ 
BIT  SIHGLE 
BIT  asCSDED_CHDED 
BIT  VERT 


{advisory  set  naneavers  both  AC> 

{advisory  set  naneavers  first  AC  in  pair> 
{advisory  in  horiz  diaension  when  trae> 
{advisory  is  one  diaension  only  when  trne> 
{advisory  aaneuvers  second  AC  in  pair> 
{advisoy  in  vertical  diaension  when  true> 


GBOOP  read/vrite_f lags 
BIT  BELOHIOOO 
BIT  HEGATIVE 


{descend  res  adv  east  be  changed  to  negative> 
{negative  res  adv  provide  sufficient  separation> 


GROOP  sep_aatr iz_indices 
I1IT  IRDEX1 
IBT  IHDEI2 
IHT  IHDEX3 
PTB  HATPTR 


{PSEP  (BHD)  index  for  first  AC's  horizontal  advisory> 
{PSEP  (3RD)  index  for  second  AC's  horizontal  advisory> 
{PSEP  ( vb D)  index  for  vertical  level> 

{pointer  to  separation  aatrices  to  be  used  with 
this  resolntion  advisory  set> 
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GBOPP  other-info 
1ST  DOBYM.0B 

BIT  FEhTBITS  (25) 
1ST  TM.OE 

EBPSTBOCTOBE : 


<coaputed  value  of  this  advisory's  features  down 
to  doaino  features) 

<one  bit  for  each  of  25  features> 

<coaouted  relative  value  of  this  advisory> 
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'■’US*  HASTER_RESOLOTTON 

IN  (encounter  list  entry) 

OPT  (pair  record  and  conflict  table  entries  with  resolution  advisories) ; 

IOOP; 

Get  next  pair  requiring  resolution  fro*  this  sectors  encounter  list; 

PIITIF  (no  pairs  re*ain)  ; 

PE** FOBS  conf lict_pair_record_deter«inat ion ; 

TP  (own  ATARS  site  is  provisionally  responsible  for  this  pair) 

THEN  PERPORH  other_ATARS_site_re solution_advisor y_adeguacy_test ; 

ELSE: 

IF  (resolution  advisories  are  required) 

THEN  PERFORH  resolution_ad vi sory_necessity_chec*_and_variable_ 

initialization; 

IP  (need  for  resolution  advisories  exists  on  +his  scan) 

THEN  CALI  ALTtTOOE_SEPARATION_',HRESHOLD_DETERHINATION; 

SET  flag  to  indicate  that  Resolution  Advisories 

Evaluation  Routine  called  fro*  Easter  Resolution; 
CLEAR  flag  indicating  resolution  advisories  have 
been  selected  this  scan; 

IF  (computing  resolution  advisories  for  the  first  ti*e) 
THEN  PERFORH  initial_resolutlon_advisory_ 

selection; 

ELSE  PERFORH  pre vious_resolutioo_advisory_ 

■odif i cat ion_ tests; 

IF  (resolution  advisories  have  been  selected  in  pair 
record  this  scan) 

THEN  PERFORH  r esolut ion_ad visory_posting_f ro*_ 

pa ir_record_to_conflict_ table; 
ELSE;  <resolotion  is  delayed  or  unchanged> 

ELSE;  <resolution  advisories  not  yet  needed> 

BiSE;  <no  resolution  per?ormed> 

ENDLOOP; 

END  HASTER_RESOLOTION; 

-  RASTER  RESOLUTION  HIGH-LEVEL  LOGIC  - 
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TiSE  B»STE8_BESOLOTIOS 
II  (ELEHTBT) 

2JU  (PS8C)  ; 

LOOP: 

Sat  naxt  aircraft  pair  with  ELEITBY.  BIB EQ  £2  *TBPE; 

SIITIP  (co  pairs  rsaain)  : 

PBBPOB a  conf lict_pair_racord_daternination: 

IP  (ELEHTBT.  BAPBOV  52  STBPB) 

THEM  PEBPOBB  othar_ATABS_sita_resolution_adTisor y_adaqoacy_tast; 

ELSE: 

II  (ELEHTBT. BABEQ  £Q  ST80E) 

THE!  pebpobb  rasolution_ad*isory_nacassity_chaclt_and_wariable_ 

initialisation; 

IP  (  (PBEC.  POSCSD  U5  SOHEBIS)  21  (PBEC.  POSCBD  55  SOHBHIT)  ) 

TBEB  CALL  ALTIT0DB_SEPABATI0«_THBES80LD_DETBtRI»ATI0H 
II  (ACID1 ,  ACID2) 

OPT  (ASBP)  : 

BBHCAP  -  STUPE; 

BISELECT  -  SP1LSE; 

IP  (PBEC.  POSCBD  Efl  SR AHEC) 

*3EB  pebpobb  initial_resolution_ad»lsory_ 

salaction; 

ELSE  PEBPOBB  prntious_rnsolotion_ad»isory_ 

*odlfication_tests; 

U  (BASEL  ECT  52  *TB0E) 

THEB  PEBPOBB  r asolut ion_adTisory_posting_f ron_ 

pair_racord_to_conf lict_table ; 
ELSE:  <rasolution  is  dalayad  or  nnchangad> 

ELSE:  <RAs  not  yat  naadad> 

IUI;  <no  rasolntion  perfornad> 

EBPLOOP; 

EBP  BASTBR_HESOLDTIOH ; 

-  HASTBB  BESOLOTIOB  LOS-LETEL  LOS1C  - 
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PB0CES5  conf llct_pair_record_deteraination: 

<Deteraine  which  pair  record  Is  associated  with  the  subject  pair  and  set 
a  pointer  to  that  pair  record. > 

CLEAB  subject  pair  record  pointers 

locate  conflict  table  pointed  to  by  aircraft  in  the  encounter  list  entry; 
If  (only  two  aircraft  in  conflict  table) 

TEES  onlw  pair  record  is  the  subject  pair  record; 

•ISE  LOOP; 

Get  next  pair  record  of  conflic*  table; 

EXITIf  (no  aore  pair  records  0£  subject  pair  record  found) ; 

If  (both  AC  froa  encounter  list  entry  are  in  this  pair) 

THEB  sawe  this  pair  record  as  the  subject  pair  record 
ELSE; 

EI£122°: 


EBP  conflict_pair_record_deter«ination; 
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PROCESS  conflict_pair_record_deter«inat.ion; 

<PREC  is  used  throughout  this  task  in  place  of  the  local  variable 
BRTBL.PREC.  This  notation  for  the  pointer  PRBC  should  not  be 
confused  with  the  pair  record  data  structure,  PRBC.> 

PR EC  =  JNOLL ; 

If  ( ACI D1 .CTPTR. H AC  E2  APAIR) 

THBH  PRBC  =  ACID1 .CTPTR. PLI ST; 

BtSB  LOOP: 

Get  next  pair  record  of  conflict  table: 

BH^IF  (no  aore  pair  records  OR  (PRBC  RE  SHOLL) )  ; 

If  (  (  (ACID1  Bfi  TPRBC. act. PAC. ACID)  OP 

(ACID1  Bfl  TPRBC. ac2. PAC. ACID) )  AED 
( (ACID2  Efi  TPREC.acl. PAC. ACID)  OR 
(ACID2  Bfl  T»RPC.ac2. PAC. ACID))) 

THBR  PRBC  =  TP5BC; 

ELSE: 

U£I02£: 

BRD  conf lic*_pair_record_deter«ination ; 
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PROCESS  other_»"‘»RS_site_resolution_advisory_adeguacy_test ; 

<Th*  subject  pair  is  being  handed-off  to  anothar  sita  or  being  handed-off 
Croa  anothar  sita.  If  tha  iTABS  equipped  aircraft  in  tha  subject 
ATARS/ATCRBS  pair  has  a  rasolotion  advisory  froi  anothar  highar  priority 
sita,  daternina  if  that  rasoiation  advisory  is  adagnata  to  rasolva  tha 
subject  conflict  pair.  If  it  is,  than  this  site  does  not  taha 
responsibility  for  the  pair.> 

PSBFOBH  other_ATARS_sites_resolution_advisor ies_datarnination: 

IP  (current  scan's  resolution  advisories  froa  other  sites  BJ 

resolution  advisories  fron  other  sites  froa  previous  scan) 

THEB  store  resolution  advisories  froa  other  sites  in  pair  record: 

CHH.  RESOL OTIOB_ADVISORT_HODELTRG_POR_PREDICTED_SEPAPATIOB: 

IP  (adequate  separation  is  modeled) 

TBSE  SET  horizontal  and  vertical  resolution  advisories  in  pair 
record  fros  own  site  to  no  resolution  advisory; 

SET  flag  in  pair  record  to  sand  resolution  advisory 
to  aircraft; 

SET  pair  record  tiaer  to  current  scan  tine: 

CLEAB  resolution  advisory  indication  In  encounter  list; 

ELSE: 

PtSB;  <no  resolution  advisories  froa  other  sites,  or 
they  are  the  sane  as  previously  cheched> 

EBP  other_A'"ABS_slte_resolution_advlsory_adequacy_test; 
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PROCESS  other_ATARS_site_resolu*-.ion_aaBi<3or  y_aaeqaacy_test ; 

£5?I0gB  other_ATARS_si*es_resolution_aavisories_aeteri»inat i on; 

15  ((OSHBAH  35  PREC. EHBAH)  SB  (OSPSAH  3£  PREC.EPBAHn 
THES  PRBC.EHBAN  =  OSHBAH; 

PREC.EPHAH  =  OSPHAH; 

CALL  RESOLOTIOH_ ADP ISORT_BODELIHG_POR_PREDICTED_SEPAR ATIOH 
13  (OSHB  AH,OSPBAH,  SHOLLRES , SHOLLRES,  ACIPl ,  ACID2) 

* 

OPT  (PSEPSQ) ; 

IP  (PSEPSQ  GB  RESADP. SBP1) 

THBH  PR EC. acl.PHBAH  =  SSOSES; 

PRPC. ac2. PHH AH  =  SBORPS; 

PREC.acl.PPRAH  =  SHORES; 

PREC.ac2. PPBAB  =  SNORES; 

PREC.acl.SEHD  =  STROE; 

PREC.ac2.SEHD  *  STROE; 

PREC. TSTART  =  STSPAR. CTIBE ; 

ELEHTRT. RAREQ  =  SFALSE; 

2111: 

5112: 

EHD  oth«r_ATARS_site_resolution_aapisory_aaequacy_test; 
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PROCESS  resolation_advlsory_neceasity_chec1t_and_variable_inltlali2ation; 

<The  conflict  control  variable  in  updated  each  scan  until  tha  need  for  a 
raaolation  advisory  la  initially  deterained.  Than,  tha  various  atataa  of  tha 
raaolntion  advisories  (negative,  positive,  doabla  diaenslon)  ara  aonitorad 
by  tha  conflict  control  variables 

IT  (conflict  control  variable  shows  that  raaolation  advisories  have  not  baan 
given  previously) 

THEB  CALL  COBPLICT_COBTROL_V1RI1BLE_OPDATB; 

ELSE: 

EBP  reso lut i on_ad visor y_necossity_check_and_variabl0_lnitlalisation; 
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PBOCESS  resolu*ion_ad»  lsory_necesslty_ch€c1i_aad_Tariable_initialixatlon; 

12  ( (PBEC.  POSCHD  SHOTS ET)  2S  (PHBC^POSCHD  52  SOHEHIT)  2fi 
(PBEC.POSCHD  52  SOHSHI S) ) 

THE!  CULL  COSPLICT_COHTBOL_?HBI1BLE^OPD»TE 

55  (ELBHTBY. CHDPLG ,  ELEHTBY.  HTTPLG) 

IHODT  (PBEC.POSCHD); 

5115; 


EHD  resolution_adTisory_necessity_oheclt_and_Tar lab le_ initialization ; 


I 

I 
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PROCESS  iBltinl_resolution_advisory_selection: 

<Select  Initial  resolution  advisories.  Determine  if  a  controlled 
aircraft  should  receive  a  resolution  advisor?  and  set  pipp  in  the 
pair  record  appropriately.  If  resolution  advisories  are  selected, 
store  thea  in  the  pair  record,  otherwise,  delay  resolution 
for  the  palr.> 

IT  ((controlled  1C  in  conflict  pair)  J)3D  ((detection  logic  indicates  that 

controlled  1C  should  receive  a  resolution  advisory)  0£  (this  conflict 
pair  la  part  of  a  aulti-aircraft  conflict)) 
tHEH  indicate  in  pair  record  that  controlled  1C  should  receive  a  resolution 
advisory; 

SISZi 

SB*  flag  to  indicate  single  diaension  rasolution  advisories  preferred: 

C1U  RTSOI.trrro»_lDViSOHrBS_BTlt01TIO!r_BOOTIS’!;  < select  the  res  advisories) 

I?  (resolution  advisories  sslsctsd  tor  tbs  pair) 

THBW  PEBPOWH  reaoiutlou_advlsories_store_ln_pair_record; 

BLSB  svv  conflict  control  variable  to  low  value  so  that  initial  selection 
of  resolution  advisories  will  be  attempted  either  later  this 
scan  or  within  the  next  two  scans  if  the  need  for  resolution 
advisories  is  again  detected  by  the  Detection  Task; 

C^PAB  flag  in  the  pair  record  indicating  controlled  aircraft  should 
receive  a  resolution  advisory; 

H  (this  pair  is  flagged  for  noraal  resolution) 

THBW  flag  this  pair  for  delayed  resolution; 


EWp  initi al_reaolntlon_ad visor y_select ion; 
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PROCESS  ini ti a l_resoluiton_adTisory_se lection; 

IF  (((ACID1.C0EC  55  5 TP  OS)  OR  (ACID2.C0EC  E£  STROE) )  ARD 

(  (ELEETSY.  IPRPLG  EJ  STHOE)  21  (  ACID1  .  CTPTR .  SRC  ST  APAIR))) 
THEE  PR PC. PIPS  *  STROE; 

ass; 

SSGDtfl  =  STROE; 

CRH  RESOLOTIOB_ADYTSOSIES_EYALOATIOS_ROOTTEE 

IE  (PLE«TRY,  ?»EC,  ASEP,  SEGDIE,  (ICECAP) 

OPT  (PADS  P'S)  ; 

IP  (RADSPTP  EE  SPOIL) 

5HE*  PEPPORH  resolation_ad»isories_3tore_in_pair_record; 

ELSE  PREC. POSCED  *  SOEPHIT; 

PREC.  PI*R  =  SPALSE; 

IP  (EL RETRY.  DELREQ  Efl  SPALSE) 

THEE  SLEETPY. DELREQ  =  STRO*; 

a Si: 

EED  lni*i a l_re so Inti on_adTisory_se lection; 
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PROCESS  pre vious_resolution_advisory_modif ication_ tests : 

Resolution  advisories  were  selected  on  a  previous  scan.  Petermine  if 
they  should  be  recalculated  for  any  reason. > 

CLEAR  flag  indicating  resolution  advisories  have  been  recalculated; 

PERFORM  pre vious_resolu tion_ad visor ies_recalcn la tion_c hecks ; 

IE  (resolution  advisories  were  no*  recalculated) 

THEM  IE  ((there  is  a  controlled  AC  in  the  subject  pair)  ARP 

((the  controlled  AC  has  not  yet  been  given  a  resolu*ion 
advisory)  ARP 

((detection  logic  determined  that  the  controlled  AC 

should  receive  a  resolution  advisory)  QR 

(number  of  AC  in  conflict  table  gT  single  pair)))) 

THEE  nERFQ8H  resolution_advisor y_addition_f or_controlled_ 

aircraft ; 

ELSE  PERFORM  positi ve_negative_resolution_advisory_transition_ 

test; 

IF  (resolution  advisories  have  not  been  recalculated) 

THEN  PERFORM  pre vious_resolution_advisories_ 

non_response_test ; 

ELSE: 

IF  (resolution  advisories  were  not  recalculated) 

THSR  save  horizontal  and  vertical  miss  distances  from  the 
encounter  list  entry  in  the  pair  record; 

ELSE: 

ELSE; 

EBP  previous_resolutlon_advisory_aodificatlon_tests ; 
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PBOCE55  preTioas_resolatlon_adTlsory_aodlficatioB_tss*s: 

B*CALC  *  SFAI.SE ; 

EEZE2B3  preTioas_rssolatlon_adTlsorlss_rseal.cala*iOB_chsc*s: 

IF  (BECALC  52  SFALSE) 

Tags  if  ( (  (acidi . cone  52  sran*)  21  ucioa.coic  52  stbof))  512 

(PBBC. FIFE  52  SFALSE)  555  ( (ELEITBY. IFBFLG  52  f**0*)  21 
(ACID1.CTPTB.BAC  QJ  APAIB) ) ) 

TBES  PE* FOPS  resolatlon_adTisory_additioB_for_coBtrollad_ 

aircraft: 

ELSF  PEBFOBH  poaitlTe_nsgatlTa_rssolatloo_adTlsor7_traBSltioB_ 

tut; 

15  (BECAIC  52  SFALSE) 

THFW  PFBFOBH  preTion8_rsBolation_adTisories_ 

BOB_rsspoBS«_ts  s* 

ELSE: 

IF  (BECALC  E2  SFALSE) 

1355  PffEC.  PlfD  *  ELESTBF . 802; 

PEEC.PTHD  *  ELEBTHT.  ALT: 

ELSE: 

ESQ  preTi.ous_resolatlon_adTi.3or y_aodlf lea tion_ tests; 
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PROCESS  rasolation_adTisorT_pootlng_fron_pair_racord_to_conflict_tabla; 

<Salact  affacilva  rn  solution  advisory  for  conflict  tabla  aatry  froa 
all  oair  racords  aaaociatad  with  tha  subject  aircraft. > 


LOOP: 

Salact  conflict  tabla  antry  of  nart  aircraft  of  snbjact  pair; 
EIITIP  (both  aircraft  in  pair  ara  dona)  ; 

CULL  VBRTIChL_RESOLOT10R_»DfISOtT_POSTIRG_TO_CORPLICT_*»BtE; 
CULL  HOFIEOHT»L_RESOLOTIOa_*OTISORT_POSTHG_TO_COR*tICT_TllBIE; 
EBPLOOP: 

EBP  reaola*lon_advl8ory_poatlng_froa_pair_racord_to_confllct_tabla; 
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PROCESS  rosolotlon_adTi«or7_posting_froa_pair_racord_to_confllct_tabla; 

loop; 

Salaet  CTEBTR Y  of  naxt  aircraft  of  snbjact  pair; 

BTITIf  (both  aircraft  in  pair  ara  dona); 

CALL  TE»TICIL_«BSOLOTIOB_IDYIS01T_POSTI»G_TO_CO«PIICT_TIBIB 
12  (TICID,  PRBQ 

HOOT  (TICID.  CTB.  ?B IB,  TICID.  CTB.  ICIDT,  TICID.  CTB.  BOtTT) 
Cllt  BOBI?O»TIt_BBSOtDTIO!l_lDTIS0RT_POSTIIG_T0_CO1IPlICT_",IBtB 
12  (TICID,  PR  EC) 

IHOOT  (TICID.  CTB.  RBI*,  TICID.  CTB.  ICIDH,  TICID. CTB.  HOL^H) 

351.22°: 

BUD  rasolatloa_adTlsory_posting_froa_palr_racord_to_confllct_table; 
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fBQCBSS  other_ATABS_sites_resolution_advisories_deter »i nation ; 

<Petersine  what  advisories  (If  any)  ace  being  given  to  the  subject 
aircraft  froe  other,  higher  priority  sites. > 

Cl BAB  tesporary  storage  for  resolution  advisories  fros  other  ATABS  sites; 
LOOP; 

Set  next  pair  record  associated  with  this  conflict  table; 

BTI^IB  (no  sore  pair  records)  ; 

If  (this  pair  record  has  a  resolution  advisory  tor  DABS  AC  of  subject 
pair  IBP  is  fros  a  higher  priority  non-connected  site) 

THBB  save  sore  severe  of  this  resolution  advisory  and  resolution 
advisory  already  saved  in  the  horixontal  and  vertical 
dlsensions  fros  other  non-connected  sites; 

£122: 

£221222: 


ZAP  other_A‘"ABS_sites_resolution_advlsorles_deterslnation; 
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T>H0Cp5g  other_ATAFS_sites_resolut ion_ad»isories_deterni nation ; 

OSHMAN  =  SNULLFES; 

OSVNAN  =  SNOLLFES; 

LOOP: 

Get  nejt*  pair  record  associated  with  this  conflict  table; 
EXITIF  (no  wore  pair  records)  ; 

IF  ( (TPFEC.  A^SID  (JT  STSTSS.  ONNID)  A  HD  (site  is  non-connected) 
AND  (TPFEC.acl.PAC  PPEC. acl.  PAC) ) 

THEN  OSHNAN  =  EFFHP A  (T PPEC . acl . PR N AN , OSRH AN)  ; 

OSVRAN  -  EFFVPA(TPPEC.ac1.P7NAN,0SVNAN) ; 

ELSE: 

ENDLOOP; 

END  ot her_ AT AR S_s it e s_r esol ution_ad 7 isories_dete ruination; 


HI STEF  RESOLUTION  LOW-LEVEL  LOGIC  - 
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PROCESS  positi ve_negative_resolution_advisorv_horizontal_transition_test : 

<Chect  If  horizontal  resolution  advisories  nay  transition  between 
positive  and  negative. > 

IP  (either  kC  is  detected  to  be  turning) 

THEE  S8T  negative  horizontal  resolution  advisory  threshold  to  eodified 
value; 

ELSE  negative  horizontal  resolution  advisory  threshold  to  default 
value; 

II  (current  horizontal  miss  distance  negative  horizontal  resolution 
advisory  threshold) 

THEM  IP  (pair  record  has  negative  horizontal  resolution  advisories) 
THEE  indicate  that  transition  i3  appropriate; 


PISE  IP  (pair  record  has  positive  horizontal  resolution  advisories) 
THEE  indicate  that  transition  is  appropriate; 

ELS  g; 

512  posit! ve_negative_resolutlon_advisory_horizontal_transition_test ; 


BhSTEF  RBSOLOTIOE  HI3H-LETBL  LOGIC 
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i 


PROCESS  positiTe_negatiTe_resolation_ad*i»ory_Borl*ontal_traB*itiOB_tMt j 

I?  ( ( (ACIDl .  TORS  BJ  SSTRAISBT)  AA£  (ACIDl.  TORE  f|  BBDBBrRfJS)  AH 

(ACIDl. TDRR  £1  SBOBP10S) )  2£  ( (ACID2.TUSN  If  SSTRAIQBT)  H2 
(ACID2.TD8R  S*  SBOHHIEOS)  AH  (ACID2.TORB  H  SHOBPLOS) ) ) 
THBJJ  HDTHN  =  HESADT.  BDTHHSQ; 

ELSE  BDTBfl  =  BSSADV. MDTBSO; 

IP  (BIE’ITET.HDI  L2  SDTflB) 

TREE  IP  (  (PREC.  POSCHD  £Q  SEE3)  AM  (PREC.  acl.  PHMAH  11  SBOL1RES)  ) 
THEE  RECALC  *  STS OB; 

BtSE: 


SB  IP  ( (  (PREC.  POSCHD  Jfi  IPOS)  2J  (PREC. POSCHD  Sfl  SDOt7BtB)>  AJLfi 
(PREC.  aCl.PH BAR  U  SRULLRES) ) 

THEN  BBC ALC  -  STRUB} 

ELSE; 


EBP  positlTe_negative_resolution_ad»lsory_horizon«:al_tranBltion_taBt ; 


! 


I 

1 

k  i 
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*1 


PROCESS  positive_negative_resolutlon_advisory_transition_test ; 


<Check  If  resolution  advisories  in  sithsr  dimension  nay  transition 
between  positive  and  negative.  > 


IF  ((conflict  control  variable  ia  sat  for  negative  raaolntion  advisories)  22 
(last  positive  resolution  advisory  has  been  displayed  in  the 
aircraft  long  enough  that  it  say  be  changed)) 

THEM  IF  (pair  record  has  horizontal  resolution  advisories) 

THEE  PEHF0P3  positive_negative_resolution_advisory_horizontal_ 

transition_test ; 

2123; 

IF  (transition  is  not  yet  possible) 

THEH  IF  (pair  record  has  vertical  resolution  advisories) 

THEH  PERFOBS  positive_negative_resolution_ 

advisory_vertical_transition_test: 


JUS: 

2112: 

IF  (transition  can  be  atbeipied) 

THEH  SET  flag  to  indicate  single  dimension  resolution  advisories 
are  preferred; 

CALL  REHOL!ITIOH_AOTISOFIES_EVALOATIOE_ROO-vIHE; 

IF  (resolution  advisories  selected  for  the  pair) 

THEH  PERFORH 

resolution_advisories_store_in_pair_record; 
ELSE  IF  (this  pair  flagged  for  norsal  resolution) 

THEH  flag  this  pair  for  delayed 
resolution; 

ELS*  save  the  horizontal  and  vertical 
eiss  distances  fros  the 
encounter  list  entry  in  *he 
pair  record; 

2123: 

1122; 

EHD  positive_negative_resolution_advisory_transition_test ; 

- -  RASTER  RESOIOTIOW  HIGH-LEVEL  LOGIC  - - - 
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PROCESS  posit iye_negatiTe_resolution_adTisory_traasition_test; 


H  ((PREC. POSCMD  12  »»EG)  21  ( (PREC. TSTIRT  ♦  TSCHD)  LJ  STST AR. CTIHE)) 

THEM  IT  (PREC.acl. PHMAN  fiE  SMOLLRES) 

THEM  PERFORM  positiTe_negati*e_resolation_advisory_horizontal_ 

transition_test ; 


1U1: 


I?  (RECALC  12  SFALSE) 

THEM  IF  (PREC.acl.  PVH AM  j*F  SMOLLRES) 

THEM  PERFORM  positi»e_negatlve_resolntion_adTisory. 

horizontal_transition_test ; 


ELSE; 

ELSE; 

IF  (RECALC  12  STROB) 

THEM  SHGOIH  =  STROE; 

CALL  RESOLOTION_ADTISORIES_EVAL0ATION_ROOTINS 

IN  (ELEMTRT,  PREC,  ASSP,  SMGDIM,  HR MCA?) 

22T  (RADSPTR) ; 

H  (RADSPTR  Ml  SMELL) 

THEM  PERFORM 

resolotion_adyisories_store_in_pair_record; 
ELSE  H  (ELEMTRT.  DELREQ  12  SFALSE) 

THEM  ELEMTRT. DELREQ  =  STRDE; 

ELSE  PREC. PHD  =  ELEMTRT. HD2; 

PREC.PTHD  =  ELEMTRT. ALT; 


SlSis 


Ziii; 


BMP  posit! T«_nsgatiT«_rasolution_advisory_transition_test ; 


HASTER  RESOLUTION  LON-LETEL  LOGIC 
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PROCESS  poslti ve_negatlve_resolution_advisory_vertical_ transit lon_test; 

<Check  if  rart lea  1  resolution  advisories  say  transition  between  positira 
and  negative  or  anong  tha  various  negatives  (negative  and  VSL).> 

If  (enrrant  altitude  separation  H  negative  vertical  rasolntion  advisory 
threshold) 

THEM  If  ((pair  record  has  negative  vertical  resolution  advisories)  AED 
(current  altitude  separation  L2  percentage  of  negative 
resolution  advisory  threshold)) 

TUBE  SET  flag  indicating  resolution  advisories  should  be 
recalculated; 

SIS£: 

»LSB  if  (pair  record  has  positive  vertical  resolution  advisories) 

THEE  If  (vertical  tan  is  negative) 

THEE  SET  flag  indicating  resolution  advisories 
should  be  recalculated; 

ELSE; 

ELSE  save  the  resolution  advisories  froa  the  pair  record 
into  a  EADS  for  the  call  to  the  vSi  logic; 

SET  negative  flag  in  the  RADS; 

SET  flags  for  single  dinession  vertical  resolution 
advisories; 

SET  flag  to  indicate  which  AC  are  naneuvered; 

CALL  VfETIClL_SPEBD_LIHIT_ADVISORT_ETALOATIOH; 

Jf  (vertical  resolution  advisories  In  RADS  £5 

vertical  resolution  advisories  in  pair  record) 
THEE  PERfORH  resolutlon_advisories_store_in_palr_ 

record; 

ELSE; 


BID  post t i ve_nega t i ve_resoluti on_a d vl sory_vertical_tran si tion_test ; 


EASTER  RE30L UTIOE  HIGH-LEVEL  LOGIC 
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PROCESS  posi Eive_negat ive_resolu+ ion_ad visor y_vertical_tran sit ion_‘es* ; 

IP  (ELENTRT. ALT  J.T  ASBP) 

1151  II  ( (PREC.  POSCED  Efi  SNEG)  AND  ( PREC. acl. PVRAN  NE  SNOLLRES) 

AND  (ELENTRT. ALT  LT  (ATB2P  *  ASEP)  ) > 

THEN  PECALC  =  STROE; 

ELSE; 

ELSE  IF  (  ( (PREC. POSCHD  Eg  SDOOBLE)  OR  ( DR  EC. POSCHD  ?2  EPOS))  AND 
(PR EC. acl. PVR AN  NE  SNOLLRES)) 

THEN  IP  ((ELENTRT. TV  LT  0) 

THEN  RECALC  =  STPOE ; 

ELSE; 

EJ.SE  RADS. NEGATIVE  =  STROP; 

RADS. VERT  =  STROE; 

RADS. SINGLE  =  STROE; 

RADS. VI  =  PPEC.acl.PVNAN; 

RADS. V  2  =  PR  EC. ac2. PVR  AN; 

RADS. PI  =  SNOLLRES; 

RADS. H2  =  SNOLLRES; 

IF  ( (PREC.acl. PVRAN  BE  SNORES)  AND 

(PREC.  ac2.  PVRAN  NE  SNORES)) 

THEN  RADS. CRDED_CHDED  =  STROE; 

ELSEI?  (PREC. acl. PVRAN  NE  SNORES) 

THEN  RADS. CHDED_ONCNDBD  =  STROP; 

OTHERWISE  RADS. ONCHDPD_C RDED  =  STROE; 

CALL  VERTICAL_SPEED_LIHIT_ADVISORT_EVALOA»ION 
IN  (RADS,  ACID1,  ACID2,  PPEC) 

OPT  (RADS. VI,  RADS.V2); 

IP  ( (RADS. VI  NE  PREC. acl. PVRAN)  OR 

(RADS. V2  NE  PREC. ac2. PVRAN) ) 

THEN  PERPORR  resolution_advisories_store_in_ 

pair_record 

ELSE; 

{HD  po*i ti v«_n«ga  tive_r«soluti on_ad vi sor y_vert ical_tran  si tion_test ; 

-  RASTER  PESOLOTION  LON “LEVEL  LOGIC  - 
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PROCESS  pre vious_resolution_advisor ies_non_respon se_test ; 

<Ctaeck  for  aircraft  non-response  to  previous  positive  single  diaeesioa 
resolntion  advisories. > 

If  ((conflict  control  variable  indicates  that  positive  single  dimension 

resolution  advisories  have  been  given)  iHP  (enough  tiae  has  elapsed 
that  response  to  the  resolntion  advisories  should  have  been  detected 
in  *he  tors  of  increasing  resolution  dimension  miss  distance)) 

THEM  IP  (pair  record  contains  positive  horizontal  resolution  advisories) 
THEE  IP  (current  scan's  horizontal  aiss  distance  IT  previous 
scan's  horizontal  aiss  distance) 

THEE  SET  flag  to  indicate  that  resolution 

advisories  should  be  recalculated; 

ELSE; 

ELSE  IE  (current  scan's  vertical  aiss  distance  IT  previous  scan's 
vertical  aiss  distance) 

THEE  SET  flag  to  indicate  that  resolution 

advisories  should  be  recalculated; 

ELSE: 

IP  (nev  resolution  advisories  should  be  selected) 

THEE  SET  flag  to  prefer  double  dlaension  resolution  advisories; 
CELL  RSSOLUTIOH_hDYISOPIES_ET»LO»TIOH_POOTIHE; 

II  (resolution  advisories  were  selected  for  the  pair) 

THEE  PEHPORH  resolution_a dvisories_store_in_pair_ 

record; 

ELSE  IP  (this  pair  was  flagged  for  noraal  resolution) 
THEE  flag  this  pair  for  delayed  resolution; 
ELSE  save  current  scan's  horizontal  and 
vertical  aiss  distances  froa 
encounter  list  in  pair  record; 

£113: 

£115 : 

EED  pre viou s_resolutlon_a d visor ies_non_response_test; 

-  ulster  resolotioe  HIGH-LEVEL  LOGIC  - 
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PROCESS  pre vious_resolution_ad»isories_non_response_t est : 


IF  ( (PREC. POSCHD  E£  SPOS)  MD  ( (PREC. T ST ART  ♦  TRECOM)  GT  SYSYAR. CTI ME) ) 

THEM  I?  (PREC.acl.PHHAN  NE  SNOLLRES) 

THEN  IE  (ELENTRY.  MD2  LT  PREC- PMD) 

THEN  RECALC  =  ITROE; 

ELSE; 

*LSP  IE  (ELENTRY. ALT  LT  PREC. PVHD) 

'’’HEN  RECALC  =  STROE; 

ELSE: 

IE  (RECALC  E£  $TROE) 

THEN  SNGDIH  =  Y*ALSE; 

CALL  RESOLDTION_ADYISORIES_EVALn ATION_ROOTINE 

IN  (ELENTRY,  PREC,  ASEP,  SNGDIH,  MRNCAP) 

OPT  (RADSPTR) ; 

IF  (RADSPTR  NE  SNULL) 

THEN  PERFORM  resolut ion_advisor i es_st ore_in_pa ir_ 

record; 


ELSE  IF  (ELENTRY.  DFLREQ  J?2  NEALS®) 

THEN  ELENTRY. DELREQ  =  «TPUE; 
ELSE  P”EC.?MD  =  ELENt»Y.  MD2 ; 
PR  EC. PY  HD  =  ELENTRY. ALT; 

ELSE; 

ELSE; 


END  preEioas_resolu*ion_ad»isories_non_re  sponse_test ; 
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PPOCESS  pre  vious_resolut  lon_ad  visor  ies_recalcul  at  ion_chec  Its; 

<Deteraine  If  resolution  advisories  shoold  be  recalculated  because  of 
incoapatibillty  with  resolution  advisories  froa  other  sites  or  BCAS 
that  were  selected  on  the  sane  scan  or  because  the  aircraft 
characteristics  have  changed  significantly  within  two  scans  of 
resolution  advisory  selection. > 


If  (conflict  control  variable  indicates  that  resolution  advisories  were 
incoepatible  and  should  be  recalculated) 

TBPB  indicate  whether  single  or  double  dimension  resolution  advisories 
are  desired  based  on  conflict  control  variable; 

SET  flag  to  indicate  resolution  advisories  were  recalculated; 

ChLL  PESOLPT£OB_»DVISOBIES_BT»tnATI01l_BOnTI!IE; 

PISE  "EBPOPH  PSSP_aodel_validation; 

IP  (resolution  advisories  aust  be  recalculated  because  of  PSEP'  aodel 
validation  logic) 

THPE  indicate  double  diaension  resolution  advisories  preferred; 
CALL  BESOLOTIOS_ADTISOBIES_BTALOATIO!I_BOUVIWP; 


If  (atteap*ed  to  recalculate  resolution  advlsries) 

TEES  IP  (resolution  advisories  are  selected  for  the  pair) 

TKBB  PfwPOBB  resolution_advisories_store_in_pair_record; 

El  SB  IP  (pair  flagged  for  noraal  resolution) 

THEM  flag  this  pair  for  delayed  resolution; 

ELSE  save  horizontal  and  vertical  alss  distance  froa 
encountar  list  in  pair  record; 


3121 5 


EBP  prevlous_resolution_advlsories_recalculation_chechs; 


BAPYEB  BPSOLOYTOW  BIGH-lBVBl  LOGIC 
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PROCESS  pre»ioas_resolution_adTisorles_recalculatioD_checlts; 


II  (  (PRBC.  POSCBD  52  SRCBSRG)  2S  (PR  EC. POSCBD  52  srchdbd) 
THER  II  (PRBC. POSCBD  52  SRCBSRG) 

THER  SRGDIB  »  STROB; 

ELSE  SRGDIB  »  SPALSB; 

RECALC  =  STROB; 


CALL  RESOLOTIOR_ADVISORIBS_Ef ALOATIOR_ROOTIHE 

IS  (ELBR-RT,  PRBC,  ASEP,  SRGDIB,  RRRCAP) 
OPT  (RADSPTR) ; 


BLSB  PBRPORB  PSBP_«odel_Talidation ; 

I?  (BECALC  52  STROB) 

TBBR  SRGDIB  =  SPALSB; 

CALL  RESOLOTIOH_ADVISORIES_E¥ALOA?IOR_SOnTIRE 

IS  (ELBRTRB,  PRBC,  ASEP,  SRGDIB,  RRRCAP) 
20T  (RADSPTR)  ; 


II  (RECALC  52  STROB) 

THER  I?  (P  ADSP^P  HE  SROLL) 

THBR  PEHBOHB  resolation_ad¥isories_store_ln_palr_record; 
BLSB  I?  (ELSRTRT . DELR EQ  *2  *P*LSE) 

THER  ELERTRT.  DELS EQ  =  STROB; 

BLSB  PRBC.  PHD  =  ELERTRT.  HD2; 

PRBC.  PTBD  =  ELERTRT.  ALT; 


BLSB; 


EBP  preTious_resolnt  Lon_adTlsories_recalcoIation_cliocAs ; 


RASTER  RESOLOTIOR  LOS-LETEL  LOGIC 
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PEOCESS  PSS?_aodel_val idation: 

<Determine  If  the  conditions  that  existed  when  resolution  advisories 
were  selected  have  changed.  If  they  have  changed  detrimentally  in 
the  resolution  dimension,  then  reselect  resolution  advisories. > 

If  ((resolution  advisories  were  selected  recently  enough  in  the  pair  record) 
IMP  (model  validation  logic  was  not  the  last 
cause  of  selecting  resolution  advisories)  ASD 

(single  dimension  resolution  advisories  are  in  the  pair  record)) 
THEN  If  (there  are  horizontal  resolution  advisories  in  the  pair  record) 
THE  H  If  (either  AC's  turn  state  is  detrimental  to  previous 
horizontal  resolution  advisory  and  previous 
turn  state  for  that  AC) 

THEE  SET  flag  indicating  resolution  advisories 
should  be  recalculated: 

ELSE: 

EtSE  IF  (vertical  velocity  difference  between  two  aircraft  is 
different  from  when  resolution  advisories  were 
selected  ABD  difference  between  vertical 
velocity  differences  is  detrimental) 

THEif  SET  flag  indicating  resolution  advisories 
should  be  recalculated; 

ELSE: 

•LSE ; 

ESP  PSEf_model_validai ion; 


BASTES  SESOLOTIOB  HIGB-tETEl  LOGIC 
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PROCESS  PSE?_«o<lel_  validation; 

IF  ((SYSVAP.CTIBE  LT  (PREC.  BVSAIT  ♦  (TV A LT D  *  SYSTEB.  SCAN*’')  )  )  AND 
(PREC. BVDONE  E£  SFALSE)  AND 

( (PREC. POSCBD  E2  *NEO)  OP  (PPEC. POSCBD  E£  SPOS))) 

IS£5  II  (PPEC.acl. PHBAN  NE  SNOtLRES) 

THEN  IE  ((DETPIBH(PPEC.ac1. PHBAN, ACID1.TOPN, PREC. aCl.BVT)  E£ 
STROE)  OP  (DETRIBH  (PREC. ac2. PHBA N, ACID2. TORN, 
PREC. ac2.BVT)  52  STROE) ) 

THEN  PECALC  =  STROE; 

ELSE; 

ELSE  II  (DETRIBV(PREC.ac1.PVBAN,PPEC. ac2.PvBAN, 

{ ( ACID2. 7,D  -  ACID1.ZD)  -  PREC.BVVBZ))  E£  WPO*) 
THEN  PECALC  =  STROE; 

ELSE; 

ELSE; 


END  PSEP_«odel_validaiion; 


BASTBR  FBSOLOTION  LON-LEVEL  LOGIC 
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PROCESS  resolutlon_advisories_store_in_pair_record; 

Resolution  advisories  vers  selected  this  scan  by  RAER.  If  anv  of  the 
resolution  advisories  are  not  exactly  the  sane  as  those  that 
cnrrently  exist  in  the  pair  record,  save  the  new  advisories  in  the 
pair  record  and  set  the  tiner,  SEED  flags,  and  POSCHD  variable. > 

Save  the  horizontal  and  vertical  siss  distances  fros  the  encoanter  list  in 
the  pair  record: 

IE  (selected  resolution  advisories  are  not  exactly  the  sane  as  those  in  the 
pair  record) 

THEE  save  the  selected  resolution  advisories  in  the  pair  record: 

SET  the  tiner  in  pair  record  to  the  current  tine; 

If  (both  1C  are  nanenvered) 

‘’’HER  SET  send  flag  for  both  1C; 

ELSEIF  (first  1C  nanenvered) 

"HEM  SET  send  flag  for  first  1C; 
otherwise  SET  send  flag  for  second  AC; 

IE  (there  are  negative  resolution  advisories  selected) 

THEM  set  the  conflict  control  variable  to  indicate  negative 
resolution  advisories  selected; 

E1SEIE  (positive  single  dinension  resolution  advisories  in  the  pair 
record) 

iara  set  the  conflict  control  variable  to  indicate  positive 
single  dinension  advisories  "elected; 

OTHERWISE  SET  the  conflict  control  variable  to  Irdica*e  double 
dinension  resolution  advisories  selected; 

SET  flag  indicating  resolution  advisories  selected  this  scan; 

EIS»:  <nothing  needs  to  be  done.> 

EM1?  resolutl on_advisorles_store_in_pair_record: 


H1STEM  RESOLHTIOM  HIGH-LETBt  LOGIC 


°TtOC?SS  resol ut ion_ad visor ics_store_in_ pa ir_record; 

PREC. PSD  =  ELERTEY.HD2; 

PRFC.PV1D  =  ELEN-TRY.  ALT; 

IF  ( (»ADSPTR.H1  NE  PRSC.acl. PHRAN)  OR  (RADSPTR. R2  RE  PREC. ac2. PHBAN) 

OR  (RADSPTR. V 1  RE  PR FC. ac 1 . PVR  A R)  OR  (RADSPTR. V2  RE  PP*C. ac2. PVR AR) ) 
THER  PS'C.SCl. PHHAN  =  RA0SPTR.H1; 

PR EC. ac2. PR MAR  =  RADSPTR.R2: 

PREC.  ad.  PVflAR  =  RADSPTR. VI; 

PR  EC. ac2 . P  VH  A  N  =  RADSPTR. V2; 

PREC.  ■'•START  =  SYSVAR. CTIEE; 

IF  (R  ADSPTR. CHDED_CHDED  E^  STROE) 

THEN  PREC.ac1.S'’ND  =  STROE; 

PREC.ac2.SERD  =  STROE; 

ELSEIF  (RADSPTR. CHDBD_ONCHDED  E£  STROP) 

THER  PREC.acl.SERD  =  STROE; 

OTHERWISE  PREC.ac2.  SERD  *  STROP; 

IF  (RADSPTR. REG ATI VE  E£  STROE) 

THER  PREC. POSCHO  =  SR  EG; 

ELSEIF  (RADSPTR. SINGLE  =  STROE) 

,'*HFR  PREC.  POSCH  D  =  SPOS; 

OTHERWISE  PREC. POSCH D  =  SDOOBLB; 

i 

j 

RASELPCT  =  STROE; 

ELSE;  <nothing  needs  to  be  done.> 

FRD  resolution_advisorles_store_in_pair_record ; 


RASTER  RESOLUTION  LOW-LEVEL  LOGIC  - 
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PROCESS  resolution_advisory_addition_for_controlled_aircraf*- ; 

<This  conflict  pair  was  previously  being  resolved  by  waneaTering  only  the 
nncontrolled  1C.  The  detection  logic  has  now  determined  that  the  conflict 
has  reached  the  point  where  the  controlled  1C  anst  also  be  aanenwered 
(or  the  pair  has  now  becoee  part  of  a  anltl-lc  conflict,  in  which  case 
Raster  Resolution  has  aade  the  decision  to  aanenwer  the  controlled  1C) . 

Call  R1®R  to  select  advisories  for  both  1C.> 

S”"  flag  indicating  resolution  advisories  have  been  recalculated: 

SE"1  flag  in  pair  record  indicating  that  controlled  1C  should  receive 
a  resolution  advisory; 

SET  flag  to  indicate  single  diaension  resolution  advisories  preferred; 

C1LL  PESOtaTIOS_lDVISORISS_EVlL!JlTIOB_  POETISE; 

IE  (resolution  advisories  selected  for  the  pair) 

TEES  PEREORB  resolution_advisorles_store_in_pair_record; 

EtSE  CLP1B  flag  in  pair  record  to  indicate  that  resolution  advisories  for 
controlled  aircraft  is  selected; 

JE  (this  pair  is  flagged  for  noraal  resolution) 

TEES  flag  this  pair  for  delayed  resolution; 

EtSE  save  the  computed  horizontal  and  vertical  alss 

distances  froa  the  encounter  list  in  the  pair 
record; 

EBP  resolution_advisory_addition_for_controlled_air craft; 
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PROCESS  resolation_a«jTisotE_addit ion_for_con*-.rolled_aircrafE; 

RECALC  »  STROE; 

PREC. PIER  «  STROE : 

SRGDIH  «  STROE; 

CALL  HESOIOTIOE_ADTISORISS_EYALOATIOS_ROOTIEE 

IH  (ELERTRY,  PREC,  ASEP,  SRGDIS,  HRRCAP) 

PIT  (RADSP^R)  i 

If  (RADSPT?  JE  SROLL) 

THER  PER  PORI  resoln*ion_adTisories_store_in_pair_record 
ELS*  PREC. PIPE  *  SPALSE; 

If  (EtERTRT.  DELREQ  Jfl  SPALSE) 

THEE  EtERTRT.  DELREQ  *  STROE: 

ELSE  PREC.  PHD  =  3L5RTRT.  SD2: 

PREC.  PVHD  «  ELERTRT.  ALT; 

3RD  resolu»ion_ad»l3orT^addition^for_controXlea_air craft; 
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BOGTIBE  »lTITtJDV_SEO»RHTT0B_TBRESH0lD_DBTES!!IRIlTI0H 
IB  (aircraft  state  rectors) 

OPT  (altitude  separation  threshold  parameter) : 

<Seternine  the  altitode  separation  threshold  used  for  positive/negative 
resolution  advisory  selection  and  transitions 

If  (either  aircraft  above  floor  of  ultra-high  airspace) 

THEB  SfT  altitude  separation  threshold  to  ultra-high  altitude 
positive  advisory  threshold; 

ELSBIP  (either  aircraft  above  floor  of  positive  controlled  airspace) 
THEE  SET  altitude  separation  threshold  to  high  altitude  positive 
advisorv  threshold; 

ELS? IP  (either  aircraft  is  controlled) 

•"HPM  SET  altitude  separation  threshold  to  low  altitude  positive 
advisory  threshold  for  uncontrolled/controlled 
or  controlled/controlled  conflict  pairs; 

QfHERWI 5?  SET  altitude  separation  threshold  to  low  altitude  positive 
advisory  threshold  for  uncontrolled/uncontrolled 
aircraft ; 

EBP  ALTITaDE_SE?l®VriOB_TBRSSBOLD_DETERBIBATIOB; 


BISTBR  BBSOLGTIOB  BIGB-LETBL  LOGIC 


12-PSO 


POOTIRE  »LTIT0Dt_SSP»R»TIO8_TH8!SHOl.D_DETE8RI1llTIOR 
U  (1CID1,  tCI  D2) 

OGT  (»SSP); 

I*  ((1CI01.2  21  »LtJR)  2£  { 1CID2.  I  21  1LOR)  ) 
tg?R  (SEP  «  ISBPtJ ; 

EtSEIf  (UCI01.2  21  »IPC)  2J  (1CID2.Z  21  »LPC)  ) 

Tam  usep  »  useph: 

EiSBif  ((acidi.cmc  22  vnot)  25  (*ciD2.etJRc  52  *TRt7B)) 
THER  RSBP  «  RSEPIL: 

OTHEPRTSE  HSBP  «  RSSPL: 

E8P  RLTITUDB_SBPRR  Vri0R_THRESH0tD_DETE8STRR?I01l ; 
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BOOTIES  COSPLIC‘’,_COBTPOL_VABIABLE_OPDATE 

III  (maneuvering  "arget  threat  and  resolution  advisory  flags) 

IBODT  (conflict  control  variable) ; 

<The  conflict  control  variable  (POSCBD)  is  used  to  iapleaent  the 
2-out-pf-3  rule  for  detecting  the  need  for  resolution  advisories 
before  actually  selecting  thea.  it  is  also  used  to  indicate  the 
severity  of  the  advisories  in  the  pair  record  (negative,  positive  or 
double  dimension  positive).  Another  function  of  POSCBD  is  to  pass 
information  from  BAB  Processing  Task  to  Saster  Besolntion  if 
the  previously  selected  resolution  advisories  were  incompatible 
with  those  froa  another  source.  This  process  is  used  only  to 
update  POSCBD  for  the  2-out-of-3  rale.> 

I*  (maneuvering  target  threat  flag  is  set) 

?HEH  conflict  control  variable  should  be  set  to  indicate  resolution 
advisories  are  necessary: 

BISS  I P  (resolution  advisory  flag  is  set) 

THFH  IP  (conflict  control  variable  shows  that  the  pair  record 
was  created  this  scan) 

THBW  SET  conflict  control  variable  for  one  hit; 

ELSE  SET  conflict  control  variable  to  indicate 
resolution  advisoress  are  necessarv; 

P1SB  IP  (conflict  control  variable  shows  pair  record  created 
this  scan  OS  one  hit  recorded) 

THBB  SET  conflict  control  vari’tlr  one  aiss; 

BtSE  S52  conflict  control  va<-’  .e  no 

resolution  advisory  necessary; 

PBD  COBPLICT_COBTBOL_VABIABLEJ!PDATE; 
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BOOTIES  C0EBtTCT_C0BTB0I_YIRTiBtE_0?DITB 
II  (SLERTRT. CBDFLG,  ELRRTRT. BTTELG) 

HOOT  (PBBC.  POSCBD)  ; 

U  (BLBBTRT .  HTTPLG  Jfl  STB  OB) 

TfH  PBBC.  POSCBD  -  SRIREC; 

USB  I?  {BtBBTBT .  CBDPLG  =  S’-ROS) 

TBBB  II  (PBBC. POSCHO  SBO^SBT) 

TUBS  PRBC.  POSCBD  =  SONEHIT; 

USB  PHEC.  POSCBD  =  SBIBEC; 

IIS*  II  ((PBBC. POSCBD  Ifl  SOSEHIT)  OB  (PBBC. POSCBD  Bfl  SROTSBT) ) 
THEM  PBBC. POSCBD  »  SOHEBIS; 

ELSE  PBEC.  POSCBD  =  SBOBB; 

Ilfi  COREL IC?_COETROt_V IBI IBtE_0 PD l*B; 
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ROOT I BE  BOEIZORTit_RESOLOTIO!l_llI>TISORY_?OSTIR3_TO_CORrtICT_T»BLE 
I II  (1C  state  vector,  pair  record) 

OPT  (horizontal  aaneuver,  pair  record  pointer  and  nultiplicity  coant  in 
conflict  table)  ; 

{Resolution  advisories  have  been  selected  by  RRER  on  this  scan.  This 
routine  detersines  vhat  (if  any)  horizontal  resolution  advisories 
should  appear  in  the  conflict  table  entry. > 

IF  (horizontal  resolution  advisories  in  the  pair  record) 

THE*  PERFORM  horiiontal_resolation_advisorv_in_pair_record; 
slss  mrain  horizontal_resolation_ad visor y_not_in_pair_record; 

ERD  HORIZOSTM_RESOI.0TTOll_»DVISOST_POSTIBG_TO_CORPLICT_T»BtB: 
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BOOTHE  HOBIEOHTAL_BESOL0TIOH_ADVISOHY_POSTIHG_TO_COHFLICT_TABLB 
(ACID,  Pfi EC) 

OPT  (CTEBTBT. HHAH,  CTEHTRY. ACIDH,  CTEBTBT. HOLTH)  ; 

If  (PFEC.ac.PHHAH  BE  SHOLLRES) 

THBB  PEBEORH  horizontal_resolation_adTisor y_in_pa ir_record : 

EtSE  PEBFOBH  horizontal_resolutlon_ad*isory_not_in_pair_record; 

BHD  HORIZOHTAL_RESOIOTIOH_ADYISOBY_POSTTBG_TO_COBFLICT_TABLB; 
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PROCESS  horlzontal_resolntion_advlsory_in_pair_record; 

<x  horizontal  resolution  advisory  Is  In  tha  pair  racord  for  this  1C. 

This  orocass  datarsinas  the  affective  horizontal  resolution 
advisory  for  tha  conflict  table  entry  baaed  on  this  and  all  other 
pair  records  vlth  horizontal  advisories  for  this  1C. > 

If  (sore  than  one  oair  record  causing  a  horizontal  resolution  advisory  in  the 
conflict  table  entry  to  this  XC) 

*HEB  PEBF0B3  horizontal_resolution_adviaory_selection; 

ELSEIf  ((one  pair  record  cansing  a  horizontal  resolution  advisory  to  this  KC 

in  the  conflict  table  entry)  IBP  (the  conflict  table  entry  points 
to  this  pair  record)) 

THTR  SET  horizontal  resolution  advisory  in  conflict  table  entry  to  the 
resolution  advisory  in  the  pair  record: 

ELSEI*  (one  pair  record  causing  a  horizontal  resolution  advisory  in  the 
conflict  table  entry) 

TH»E  place  effective  resolution  advisory  in  the  conflict  table  entry; 
Increaent  nuaber  of  pair  records  causing  a  horizontal  resolution 
advisory  to  this  XC: 

otherwise  SET  resolution  advisory  in  conflict  table  entry  to  resolution 
advisory  in  pair  record; 

SET  nnsber  of  pair  records  causing  horizontal  resolution 
advisory  to  one; 

SB-f  conflict  table  entry  pair  record  pointer  to  point  to  this 
pair  record; 

EBP  horizon t a l_resolutlon_advisory_in_pair_record; 
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PROCESS  horizon*-  a  l_re  so  lution_advi  sory_in_pair_record  ; 

IF  (CTENTRY. BOLTH  GT  1) 

THEN  PERFORH  horizontal _reso I at ion_adv isory_se lect ion : 
ELSEIF  ( (CTENTRY. BOLTH  Efi  1)  AND  (CTENTRY. ACIDH  Efl  PREC)) 
THEN  CTENTRY . HB AN  =  PREC.  ac. PHB AN ; 

ELSEIF  (CTENTRY. BOLTH  Efl  1) 

THEN  CTENTRY.  HBAN  =  EEERRA(PREC.ac. P HBAN, CTENTRY. PHAN) 
CTENTRY. BOLTH  =  ITVO; 

OTHERWISE  CTENTRY. HBAN  =  PREC . ac . PHB AN ; 

CTENTRY. BOLTH  =  1; 

CTENTRY. ACIDH  =  PREC; 

END  horizon*-al_resolat  ion_ad»isory_in_pair_record; 
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PROCESS  horimontel_resolutlon_advisory_not_iD_pair_record : 

<There  it  not  a  horizontal  resolution  advisory  for  this  kC  In  the  pair 
record.  This  process  detereines  if  a  horizontal  resolution  advisory 
«ay  have  been  In  the  pair  record  on  the  previous  scan.  If  so, 
the  effective  horizontal  resolution  advisory  in  the  conflict  table 
entry  should  be  recomputed. 

Multiplicity  Is  the  nnaber  of  pair  records  contributing  to  the 
resolution  advisory  in  one  dlaension  for  an  aircraft  (M0LTH).> 

If  (horizontal  resolution  advisory  multiplicity  In  conflict  table  G*  one) 

THE*  PSEEOHH  horlzontal_resolution_advisory_selec* ion ; 

StSSIf  ((horizontal  resolution  advisory  multiplicity  in  conflict  table  entry 
EO  one)  m8  (conflict  table  entry  points  to  this  pair  record)) 
THE*  SET  horizontal  resolution  advisory  in  conflict  table  entry  to  null: 
SET  horizontal  resolution  advisory  nultiplicity  to  zero: 

SET  pair  record  pointer  in  conflict  table  entry  to  null; 

o^LSfSJSE; 

<no  horizontal  resolution  advisory  in  conflict  table  entry,  or  only 
one  other  pair  record  causing  a  horizontal  resolution  advisory.  > 

END  horizontal_resolutlon_advisory_not_in_pair_record : 
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PROCESS  horizon*al_resolation_adTisoty_not_in_pair_recora: 

If  (CTBRTRT .  SOITH  Sf  1) 

-flil  PERTORH  horizontal_resolntion_adTisory_selection: 
BLSBtf  (  (CTBRTRT .  ROLTH  ffi  1)  (CTBRTRT.  ACIDH  E^  PREC)  ) 

TfEB  CTERTHT.  HHAR  =  SEOLLRES; 

CTBRTRT.  HOI*!!  «  0; 

CTESTRT. ACIDH  *  JHOLL ; 

OTHERWISE: 

<no  horizontal  RA  in  conflict  table  entry,  or  only 
one  other  pair  record  cansing  a  hori2ontal  RA.> 

EHD  horizontal_resolution_ad»isory_not_in_pair_record ; 
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PROCESS  horizon*-al_resolution_advisory_select  ion; 

<This  orocess  exaaines  all  pair  records  in  which  the  subiect  he  is 
contained.  The  effective  horizontal  resolution  advisory  is  selected 
froa  all  of  the  pair  records  and  placed  in  the  conflict  table  entry. > 

SET  horizontal  resolution  advisory  in  conflict  table  entry  to  null; 

SET  conflict  table  entry  horizontal  pair  record  pointer  to  noil; 

SET  horizontal  resolution  advisory  aultiplicity  count  to  zero; 

loop; 

Set  next  pair  record  associated  with  this  conflict  table; 

ETITIP  (no  more  pair  records)  ; 

IF  (subject  DC  in  this  pair  record) 

THEN  I?  (horizontal  resolution  advisory  in  this  pair  record  is 
not  null) 

TREH  place  effective  horizontal  resolution  advisory 
in  conflict  table  entry; 

Increment  horizontal  resolution  advisory  aultiplicity 
count; 

IF  (conflic*  table  entry  pair  record  pointer  12  null) 
TH  EH  SET  conflict  table  entry  pair  record  pointer 
to  point  to  this  pair  record; 

ELSE; 

ELSE; 

ELSE; 

EHDLOOP ; 


END  hor izontal_resolution_ad vi sory_select ion 
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PROCESS  horl  zont al_resolution_advisory_se lection: 

CTENTRY. HflAN  =  SNOLLRES; 

CTENTRY. ACIDH  =  YNOLL: 

CTFNTRY. NOLTH  =  0; 

loop: 

Get  next  pair  record  associated  with  this  conflict  table; 

EYITIF  (no  more  pair  records)  ; 

IF  (  ACID.  CTENTRY  Efi  TPREC.acl.PAC)  OR  (  ACT  D.  CTENTRY  E&  TPRBC.  ac2.  PAC)  ) 
THEN  IF  (TPRBC. ac. PHHAN  NE  YNOLLRES) 

THEN  CTENTRY.  Hfl AN  =  EPFHRA (TPREC. ac. PHHAN, CTENTRY. HHAN)  ; 
CTENTRY. HHLTH  =  CTENTRY. HOLTH  ♦  1; 

IP  (CTENTRY.  ACIDH  Efi  JNtJLL) 

THE]}  CTENTRY. ACIDR  =  TPREC; 

ELSE; 

ELSE; 

ELSE; 

ENDLOOP ; 

END  hori zon t a l_re solution_ad visor y_se lection 
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POOTHI!  V?PTIClL_8rS0UJTI0!l_ADVIS0«T_P0STI!ra_T0_C0!tPLICT_TlBtr 
(1C  s*ate  vector,  pair  record) 

OPT  (conflict  table  entry:  vertical  lanijTtr,  pair  record  pointer, 
multiplicity)  ; 

CSesolutlon  advisories  have  baan  selected  by  BIBB  on  this  scan.  This 
routine  determines  shat  (If  any)  Tartical  reaolntion  advisories 
should  appear  in  the  conflict  table  antry. > 

If  (pair  record  has  vertical  resolution  advisories) 

THCT  PBBfOan  vartical_rasolution_ad visory_in_pair_racord: 

BtSB  PBBPOPH  vartical_rasolutlon_advisory_not_in_palr_record: 

•IIP  VEBTIClL_SJSOtaTIOS_AOTISOST_POSTIWO_TO_CO»PtrCT^TlBLK; 
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BOOT  I  HE  VERTICAL_RESOL0TIOH_ADTISORT_POSTIHG_TO_COHPLICT_TABIB 
T»  (ACID,  PREC) 

OOT  (C'PHTRY. VHAH  ,  CTEHTRT. ACID?,  CTERTR I. HOLT?) ; 

IP  (PREC.ac.PVBAH  HE  f HOLLRES) 

l|,HEH  PERPOBB  »ertical_resolution_advlsor7_ln_pair_Tecord; 

ELSE  PERPORH  Yertical_resolution_advisoTy_not_in_palr_record ; 

EHP  ?ER‘rICAL_RESOI.OTIOH_ADTtSOHY_POSTIHG_TO_COHET.ICT_TA  BLE; 
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PBOCBSt  vert ical_resoluti on_adv iaor ?_ln_palr_record : 

<1  vertical  resolution  advisor?  Is  in  ths  pair  record  for  this  1C. 

"his  process  dstersines  the  effective  vertical  reso lotion 
advisor?  for  the  conflict  table  entr?  based  on  this  and  all  other 
pair  records  with  vertical  advisories  for  this  kC.> 

11  <  aore  than  one  pair  record  canning  a  vertical  resolution  advisor?  in  the 
conflict  table  entr?  to  this  1C) 

THBB  "EBrOBH  vertical_resolotion_advisorv_selectlon ; 

El  SEIF  (one  pair  record  caosing  a  vertical  resolution  advisor?  to  this  ic 
in  the  conflict  table  entr?  IBP  the  conflict  table  entr?  points 
to  this  pair  record) 

THBB  3BT  vertical  resolution  advisor?  in  conflict  table  entr?  to  the 
vertical  resolution  advisor?  in  the  pair  record; 

nseir  (one  pair  record  causing  a  vertical  resolution  advisor?  in  the  conflict 
table  entr?) 

THEB  save  effective  vertical  resolution  advisor?  in  the  conflict 
table  entr?; 

Increment  nunber  of  pair  records  causing  a  vertical  resolution 
advisor?  to  this  1C; 

OTHBBBISB  SBT  resolution  advisor?  in  conflict  table  en*r?  to  resolution 
advisor?  in  pair  record; 

BBT  nunber  of  pair  records  causing  vertical  resolution  advisor? 
to  this  »C  to  one; 

SBT  conflict  table  entr?  pair  record  pointer  to  point  to  this 
pair  record; 

BBP  vertlcal_resolution_advisor?_in_palr_record; 
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PROCESS  vertical_resolution_advisory_i.n_pair_record ; 

If  (CTENTRY.  HtJLTV  Gf  1) 

THEE  PERFORM  vert ical_resoluti on_ad vi sory_select ion ; 
ELSEIF  ( (CTEHTRY. NOLTV  E£  1)  MID  (CTENTRY. ACIDV  Efl  PREC)  ) 
THEN  CTEHTRY. VHAN  =  PRBC.ac. PVHAN; 

ELSEIF  (CTENTRY.HULTV  E£  1) 

THEH  CTENTRY. VHAN  =  EFEYRMPREC.  ac.  PHHAN,  CTEHTRY.  VHAN)  ; 
CTENTRY. BOLT?  =  ITWO; 

OTHERWISE  CTENTRY. VMAN  =  PREC. ac. PVHAN ; 

CTENTRY. MOLTV  =  1; 

CTEHTRY. ACIDV  =  PREC; 

BHD  vert ical_reso lut. ion_advisory_in_pair_record; 
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PROCESS  vertical_resolution_advisory_not_in_pair_record; 

<?here  is  not  a  vertical  resolution  advisory  for  this  »C  in  the  pair 
record.  This  process  deteraines  if  a  vertical  resolution  advisory 
aay  have  been  in  the  pair  record  on  the  previons  scan,  if  so, 
the  effective  vertical  resolution  advisory  in  the  conflict  table 
entry  shonld  be  recoepnted. 

Sultiolicity  is  the  noaber  of  pair  records  contributing  to  the 
resolution  advisory  in  one  diaension  for  an  aircraft  (B0LTV).> 

IF  (vertical  resolution  advisory  aultiplicity  in  conflict  table  entry  ST  one) 
THBH  PEBFORH  vertical_resolution_advisory_selection; 

ELSEIF  ((vertical  resolution  advisory  aultiplicity  in  conflict  table  entry 
EQ  one)  RRD  (conflict  table  entry  points  to  this  pair  record)) 

THRU  SET  vertical  resolution  advisory  in  conflict  table  entry  to  null; 

SET  vertical  resolution  advisory  aultiplicity  to  zero; 

SET  pair  record  pointer  in  conflict  table  entrv  to  null; 

OTHERWISE;  <no  vertical  resolution  advisory  in  conflict  table  entry,  or  only 
one  other  pair  record  causing  a  vertical  resolution  advisory. > 

TED  vertical_resolution_advisory_not_in_pair_record ; 
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PF0C8SS  ver*ical_re3olation_advisory_not_in_pair_record; 


JT  (CTBMTBT.HOLTV  1) 

»hbi»  pbbbo»h  veTtical_reeolatlon_advieory_eeleotlons 

B1SEI*  ( (CTBSTST.HOITT  Jfi  1)  122  <C?!»T»T.  ICID7  Jfl  MIC)) 

T«B»  CTEBTRT.7H1B  *  SBOlLSBSi 
CTBSTST . HIJIT7  ■  0; 

CTESTRT. 1CIB7  -  7B0LL) 

OTHERWISE:  <no  vertical  R»  in  conflict  table  entry,  or  only 

one  other  pair  record  canning  a  vertical  81.  > 

BMP  vertical_resolation_advlsory_not_in_pair_ record; 
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Process  vert ical_resolution_advisory_selection; 

<This  process  exaaines  all  pair  records  in  which  the  subject  AC  Is 
contained.  The  effective  vertical  resolution  advisory  is  selected 
fros  all  of  the  pair  records  and  placed  in  the  conflict  table  entry. > 

SET  vertical  resolution  advisory  in  conflict  table  to  null; 

SET  conflict  table  entry  vertical  pair  record  pointer  to  null; 

SET  vertical  resolution  advisory  Multiplicity  count  to  zero; 

loop; 

Set  next  pair  record  associated  with  this  conflict  table; 

BEITir  (no  sore  pair  records)  ; 

X?  (subject  AC  is  in  this  pair  record) 

TH EK  IP  (vertical  resolution  advisory  in  this  pair  record  for 
this  AC  is  not  null) 

THEM  save  effective  resolution  advisory  in  conflict 
table  entry; 

Incresent  vertical  resolution  advisory  Multiplicity 
count; 

If  (conflict  table  entry  pair  record  pointer  52  ovll) 
THBR  SET  conflict  table  entry  pair  record  pointer 
to  poi: t  to  this  pair  record; 

ELSE; 

ELSE; 

ELSE; 

BHDLOOP; 

BED  vert ical_resolutlon_advlsory_select ion; 
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PROCESS  »ert ical_resolation_ad7isorv_selection; 

CTEHTRT.  VHRH  =  SHTJLLRES ; 

CEHTRT.  IlCIDV  =  SH0LL; 

CTEHTRT . HOtTV  =  0; 

loop: 

Get  cert  pair  record  associated  with  this  conflict  table; 

EXITIP  (no  «ore  pair  records) ; 

JF  ((ACID.  CTEHTRT  P£  TPREC.  acl.  P*C)  OP  (1CID.  C'r?S'rPT  Fg  TPREC. ac2. PAC) ) 
THEH  IF  (TP BBC. ac.PVHAH  HE  SHtJLLFES) 

THEH  CTEHTBt . VHAH  =  EFFVR»(TPREC. ac.  P7MAN, CTEHTRT. VNAH)  ; 
CTEHTRT.  HOLTV  =  CTEHTRT.  BUI, TV  ♦  1; 
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13.  RESOLUTION  ADVISORIES  EVALUATION  ROUTINE 


The  Resolution  Advisories  Evaluation  Routine  (RAER)  is  called  to 
determine  resolution  advisories  for  a  pair  of  aircraft  requiring 
resolution  by  the  Master  Resolution  Task  or  ;o  compute 
resolution  advisories  for  the  controller  alert  function  of  the 
Conflict  Resolution  Data  Task.  RAER  receives  as  input  an 
Encounter  List  entry,  the  altitude  separation  threshold,  a  flag 
indicating  whether  single  or  double  dimension  resolution 
advisories  are  requested,  and  a  flag  Indicating  whether  the 
Master  Resolution  Task  (Section  12)  or  the  Conflict  Resolution 
Data  Task  (Section  11)  is  calling  this  routine.  A  Pair  Record 
is  also  provided  to  RAER  when  it  is  called  by  the  Master 
Resolution  Task.  The  routine  generates  positive  or  negative 
horizontal  or  vertical  resolution  advisories,  positive  double 
dimension  resolution  advisories  or  vertical  speed  limit  (VSL) 
resolution  advisories  for  each  aircraft  that  is  to  be 
maneuvered.  The  major  functions  of  the  Resolution  Advisories 
Evaluation  Routine  are  presented  in  Table  13-1. 

RAER  provides  resolution  for  a  conflict  pair  by  selecting  the 
"best"  set  of  resolution  advisories  from  a  predetermined  master 
list  of  advisories.  This  master  list  of  advisories  is 
conceptually  divided  into  three  groups:  resolution  advisory 
sets  that  maneuver  only  the  first  aircraft;  sets  that  maneuver 
only  the  second  aircraft;  and  sets  that  maneuver  both  aircraft. 
Tables  13-2  and  13-3  show  how  the  maneuvering  aircraft  are 
determined . 

Each  of  these  three  groups  is  further  divided  into  three 
subgroups:  resolution  advisory  sets  with  horizontal-only 
advisories;  sets  with  vertical-only  advisories;  and  sets  with 
double  dimension  advisories. 

"Beet"  is  defined  as  being  that  set  of  advisories  that  meets 
certain  minimum  criteria  and  surpasses  the  minimum  criteria  in 
more  ways  than  any  other  potential  resolution  advisory  set. 

Only  positive  resolution  advisories  are  included  in  the  master 
list  of  resolution  advisory  sets.  Negative  advisories  are  a 
special  case  of  positives  and  are  signified  by  setting  a  flag 
associated  with  a  resolution  advisory  set.  The  negative 
resolution  advisory  that  replaces  a  positive  resolution  advisory 
is  actually  the  negative  of  the  opposite  sense  advisory.  Thus 
the  negative  of  climb  1b  don't  descend.  The  negative  of  turn 
right  i s  don't  turn  left. 
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TABLE  13-1 


MAJOR  FUNCTIONS  PERFORMED  BY  THE 
RESOLUTION  ADVISORIES  EVALUATION  ROUTINE 


Resolution  Advisories  Evaluation  Routine 


1.  Determine  which  aircraft  to  maneuver 

•  Select  direction  of  vertical  resolution 
advisories  if  both  aircraft  are  maneuvered 

2.  Select  list  of  potential  resolution  advisories  that 
maneuvers  the  appropriate  aircraft 

3.  Determine  if  a  positive  vertical  advisory  should  be 
modified  because  of  proximity  to  terrain 

4.  Calculate  predicted  separation  based  on  response  to 
potential  resolution  advisories 

5.  Determine  if  the  negative  sense  of  any  of  the  resolution 
advisories  is  acceptable 

•  Modify  those  resolution  advisories  for  which 
negatives  are  acceptable 

•  Calculate  vertical  speed  limit  advisories  as 
possible  replacements  for  any  negative  vertical 
advisories 

-  Modify  those  negative  vertical  advisories 
for  which  vertical  speed  limits  are 
acceptable 
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TABLE  13-1 
(Concluded) 


6.  Evaluate  absolute  features  for  all  potential  resolution 
advisory  sets 

•  If  none  of  the  potential  resolution  advisory  sets 
has  all  absolute  features  set  to  true,  perform 
multi-aircraft  conflict  resolution  logic 

If  none  of  the  potential  resolution 
advisory  sets  has  all  absolute  features 
set  to  true,  indicate  no  selection  of 
advisories  for  now 


•  If  more  than  one  set  of  advisories  has  all 
absolute  features  set  to  true,  perform  relative 
features  evaluation 

•  If  more  than  one  set  of  advisories  is  tied  for 
the  "best,"  perform  tie-breaking  features 
evaluation 
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TABLE  13-2 


WHICH  AIRCRAFT  TO  MANEUVER  WHEN  NEITHER  IS  IN  FINAL 


AIRCRAFT  2 

AIRCRAFT  1 

Controlled 

Controlled 

Uncontrolled 

Equipped 

Unequipped 

Equipped 

Controlled 

Equipped 

Both 

AC  2 

ACl1 

Controlled 

Unequipped 

ACl 

Neither 

ACl 

Uncontrolled 

Equipped 

AC21 

AC  2 

Both 

Uncontrolled 

Unequipped 

ACl 

Neither 

ACl 

^Both  aircraft  will  be 

maneuvered  If 

PIFR  Is  set. 

APPROACH  ZONE 

Uncontrolled 

Unequipped 

AC  2 

“either 

AC  2 

Neither 
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TABLE  13-3 


WHICH  AIRCRAFT  TO  MANEUVER  WHEN  AIRCRAFT  2  IS  IN  FINAL  APPROACH  ZONE 


AIRCRAFT  2 

AIRCRAFT 

1 

Controlled 

Equipped 

Controlled 

Unequipped 

Uncontrolled 

Equipped 

Uncontrolled 

Unequipped 

Controlled 

Equipped 

AC1 

AC  2 

AC1 

AC2 

Controlled 

Unequipped 

AC1 

Neither 

AC1 

Neither 

Uncontrolled 

Equipped 

AC1 

AC  2 

AC1 

AC  2 

Uncontrolled 

Unequipped 

AC1 

Neither 

AC1 

Neither 

Rule  to  determine  which  aircraft  to  maneuver: 

If  one  of  the  aircraft  Is  on  final  approach: 

1.  Give  resolution  advisories  to  the  aircraft  not  on  final 
approach  If  It  Is  equipped • 

2.  Give  resolution  advisories  to  the  aircraft  on  final  approach 
if  the  other  aircraft  is  unequipped. 
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Besides  including  only  positive  resolution  advisories  in  the 
master  list  of  advisory  sets,  another  restriction  is  placed  on 
the  vertical  resolution  advisories  for  the  sets  with  both 
aircraft  maneuvered.  Rather  than  including  all  four  possible 
vertical-only  advisory  sets,  and  therefore  16  sets  of  double 
dimension  advisories,  only  one  vertical-only  advisory  set  is 
included.  This  is  done  by  allowing  the  vertical  resolution 
advisories  to  be  selected  dynamically  for  the  case  in  which  both 
aircraft  are  maneuvered.  The  master  list  of  resolution 
advisories  and  its  associated  data  structure  are  discussed  in 
Section  13.1.  By  keeping  the  master  list  of  advisories  as  small 
as  possible,  the  computation  time  for  RAER  is  minimized. 

13.1  Resolution  Advisory  Data  Structure  (RADS) 


The  data  structure  for  a  resolution  advisory  set  is  described  in 
pseudocode  in  Section  13.5.  Some  of  the  data  fields  describe 
Intrinsic  properties  of  each  resolution  advisory  set  and  are 
"hardwired,"  while  others  depend  on  the  encounter  and  are 
computed  by  RAER.  The  fields  that  are  "hardwired"  are  shown  in 
Table  13-4. 

When  both  aircraft  are  expected  to  respond  to  resolution 
advisories,  there  is  normally  one  "best  vertical"  resolution 
advisory  set.  This  "best  vertical"  resolution  advisory  set  can 
be  found  by  projecting  the  aircraft  ahead  eight  seconds  and 
giving  the  aircraft  on  top  a  climb  and  the  one  below  a  descend. 
For  the  resolution  advisories  that  maneuver  both  aircraft  in  the 
vertical  dimension,  the  vertical  maneuvers  are  not  "hardwired," 
but  are  computed  using  this  "eight  second  rule."  The  same  is 
not  done  when  only  one  aircraft  is  maneuvered  because  it  may  be 
desirable  to  maneuver  one  aircraft  vertically  toward  another  to 
avoid  a  vertical  chase. 

The  "eight  second  rule"  as  described  above  is  used  only  on  the 
first  scan  in  which  vertical  resolution  advisories  are  selected 
for  a  pair  of  maneuvering  aircraft.  Once  vertical  advisories 
have  been  selected,  on  subsequent  scans  the  same  vertical  sense 
must  be  maintained. 

The  selection  of  the  "best  vertical”  resolution  advisories  for  a 
pair  of  aircraft  should  not  be  confused  with  the  selection  of 
the  "best"  resolution  advisory  set  for  a  conflict  pair.  The 
selection  of  the  "best  vertical"  advisories  only  determines 
which  vertical  advisory  should  be  considered  for  each  aircraft 
to  resolve  the  conflict. 
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TABLE  13-4 


FIELDS  IN  THE  RESOLUTION  ADVISORY  DATA 
STRUCTURES  THAT  ARE  "HARDWIRED" 


RESOLUTION  ADVISORY 

DATA  STRUCTURE  FIELD  INITIAL  VALUE 

CMDED_CMDED  Set  if  this  advisory  set  contains  advisories 

for  both  AC;  reset  otherwise 

CMDED  UNCMDED  Set  if  this  advisory  set  contains  advisories 

for  the  first  AC  only,  reset  otherwise 

HORIZ  Set  if  this  advisory  set  contains  a  horizontal 

advisory;  reset  otherwise 

HI  Horizontal  resolution  advisory  for  first  AC, 

or  null  if  this  AC  not  maneuvered 

H2  Horizontal  resolution  advisory  for  second  AC, 

or  null  if  this  AC  not  maneuvered 

INDEX1  Set  to  reference  the  appropriate  entries  in 

the  PSEP,  QSEP,  and  HMD  matrices  that 
correspond  to  the  horizontal  advisory  in  this 
advisory  set  for  the  first  AC 

INDEX2  Set  to  reference  the  appropriate  entries  in 

the  PSEP,  QSEP,  and  HMD  matrices  that 
correspond  to  the  horizontal  advisory  in  this 
advisory  set  for  the  second  AC 

INDEX3  Set  to  reference  the  appropriate  entries  in 

the  PSEP,  QSEP,  VMDA,  and  VMDB  matrices  that 
correspond  to  the  vertical  advisory  in  this 
advisory  set  for  the  maneuvered  AC,  regardless 
of  whether  one  or  both  AC  are  maneuvered 

MATPTR  Set  to  point  to  the  set  of  separation  matrices 

to  be  used  with  the  resolution  advisory  set. 

In  Two-aircraft  Resolution  logic  there  is  only 
one  set  of  matrices.  There  may  be  two  sets  of 
matrices  in  the  Multi-aircraft  Resolution 
logic. 


RESOLUTION  ADVISORY 
DATA  SET  FIELD 

NXTADV 

SINGLE 

UNCMDED_CMDED 

VERT 

VI 

V2 


TABLE  13-4 
(Concluded) 


INITIAL  VALUE 


Points  to  next  data  structure  in  list 

Set  if  this  advisory  set  has  only  single 
dimension  advisories;  reset  if  this  advisory 
set  has  double  dimension  advisories 

Set  if  this  advisory  set  contains  advisories 
for  the  second  AC  only;  reset  otherwise 

Set  if  this  advisory  set  contains  a  vertical 
advisory;  reset  otherwise 

Vertical  resolution  advisory  for  first  AC  if 
only  first  AC  maneuvered,  null  if  first  AC  not 
maneuvered,  or  uninitialized  if  both  AC 
maneuvered 

Vertical  resolution  advisory  for  second  AC  if 
only  second  AC  maneuvered,  null  if  second  AC 
not  maneuvered,  or  uninitialized  if  both  AC 
maneuvered 
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Predicted  Separation  Calculations 


The  predicted  separation  matrices  contain  the  separations  that 
two  conflicting  aircraft  are  expected  to  achieve  by  responding 
to  resolution  advisories.  The  separation  values  are  computed  by 
performing  a  fast-time  simulation  and  modeling  the  performance 
of  the  aircraft.  This  simulation  begins  with  a  short  delay 
period  (to  account  for  communication  and  pilot  response  delays), 
during  which  only  sensed  turns  and  previous  advisories  are 
modeled.  This  is  followed  by  a  maneuver  period,  during  which 
the  aircraft  are  modeled  as  responding  to  the  various  resolution 
advisory  sets  under  consideration  for  the  present  conflict. 

During  the  fast-time  simulation,  the  minimum  values  for 
three-dimensional  (3-D)  separation  (slant  range),  two- 
dimensional  horizontal  separation  (range),  and  vertical 
separation  are  recorded  in  the  predicted  separation  matrices  for 
the  various  combinations  of  maneuvers  modeled  for  the  aircraft. 
The  3-D  closest  approach  point,  horizontal  closest  approach 
point,  and  vertical  closest  approach  point  may  occur  at 
different  times. 

13.2.1  Predicted  Separation  Data  Structures 

The  predicted  separation  data  structures  consist  of  five 
matrices:  HMD,  VMDA,  VMDB,  PSEP,  and  QSEP.  The  first  four  of 
these  matrices  contain  minimum  separation  values:  horizontal 
separation  in  HMD,  vertical  separation  in  VMDA  and  VMDB,  and  3-D 
separation  in  PSEP.  The  QSEP  matrix  contains  3-D  separation 
values  for  a  particular  instant  in  time. 

The  HMD  matrix  is  a  3x3  array.  Each  element  represents  the 
minimum  horizontal  separation  for  a  particular  combination  of 
horizontal  flight  paths  for  the  two  aircraft.  For  computational 
efficiency,  the  square  of  the  range  is  stored,  in  units  of 
nml  .  The  first  dimension  of  HMD  corresponds  to  the  three 
horizontal  maneuvers  turn  left  (TL),  continue  straight  (CS),  and 
turn  right  (TR)  for  one  aircraft.  The  second  dimension 
corresponds  to  the  same  three  horizontal  maneuvers  for  the  other 
aircraft.  Each  of  the  three  horizontal  maneuvers  for  one 
aircraft  combines  with  those  for  the  other  aircraft,  giving  a 
total  of  nine  combinations.  These  nine  combinations  model  all 
possible  horizontal  resolution  advisory  sets.  Negative 
horizontal  resolution  advisories  are  not  explicitly  modeled,  but 
are  considered  to  be  represented  by  the  CS  path. 
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All  nine  horizontal  combinations  are  not  always  formed.  When 
only  one  aircraft  is  to  be  maneuvered,  only  the  CS  path  is 
modeled  for  the  other  aircraft.  If  an  aircraft  has  a  positive 
horizontal  advisory  in  the  HMAN  field  of  its  Conflict  Table 
Entry,  then  the  path  corresponding  to  the  opposite-sense 
positive  advisory  need  not  be  modeled,  since  such  an 
incompatible  advisory  cannot  be  selected.  For  instance,  if  an 
aircraft  has  a  previous  turn  left  advisory  in  its  HMAN  field, 
then  the  turn  right  path  need  not  be  modeled.  In  the  case  of 
previous  negative  horizontal  advisories,  however,  no  paths  can 
be  eliminated,  since  they  are  all  needed  by  the  negative 
resolution  advisory  determination  logic. 

The  VMDA  matrix  is  a  one-dimensional  three-element  array.  Each 
element  represents  the  minimum  vertical  separation  for  a 
particular  combination  of  vertical  flight  paths  for  the  two 
aircraft.  Unlike  the  horizontal  advisories,  not  all 
combinations  of  vertical  resolution  advisories  are  valid; 
therefore,  only  a  total  of  three  combinations  is  considered. 
(Each  of  these  three  combinations  will  hereafter  be  referred  to 
as  a  vertical  "level.") 

Vertical  level  one  always  represents  both  aircraft  projected 
ahead  with  their  current  vertical  rates.  The  meaning  of  the 
other  two  levels  will  depend  upon  which  aircraft  are  to  be 
maneuvered.  If  both  aircraft  are  to  be  maneuvered,  then  level 
two  will  correspond  to  the  vertical  resolution  advisories  picked 
by  the  "eight  second  rule,"  as  described  previously  in  Section 
13.1,  and  level  three  will  correspond  to  the  negative  of  these 
resolution  advisories.  Note  that  negative  vertical  advisories 
are  explicitly  modeled  in  this  case.  If  only  one  of  the 
aircraft  is  to  be  maneuvered,  levels  two  and  three  take  on 
different  meanings.  In  this  case,  vertical  level  two  will 
represent  a  descend  advisory  for  the  maneuvered  aircraft,  and 
level  three  will  represent  a  climb  advisory  for  that  aircraft. 
The  unmaneuvered  aircraft  will  be  projected  ahead  with  its 
current  vertical  rate  for  all  three  levels.  Negative  vertical 
advisories  are  not  explicitly  modeled  in  this  case. 

There  is  one  exception  to  the  above  rules  for  determining 
vertical  levels.  When  it  is  desired  to  model  a  descend  for  an 
aircraft  which  is  less  than  a  distance  ATERN  above  the  terrain 
threshold,  a  don't  climb  is  modeled  instead.  Table  13-5 
summarizes  the  definitions  of  the  three  vertical  levels  for  all 
of  the  cases  described  above. 
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TABLE  13-5 


The  PSEP  matrix  is  a  3x3x3  array.  Each  element  represents  the 
minimum  3-D  separation  for  a  particular  combination  of  both 
horizontal  and  vertical  flight  paths  for  the  two  aircraft.  In 
computing  the  separation  values,  the  vertical  separation 
component  is  weighted  by  a  factor  of  WEIGHT.  As  was  the  case 
with  the  HMD  matrix,  the  square  of  each  separation  value  is 
stored,  in  units  of  nmi^.  The  first  two  dimensions  of  PSEP 
are  the  same  as  the  dimensions  of  HMD.  That  is,  they  represent 
the  horizontal  flight  paths  which  are  modeled  for  the  two 
aircraft.  The  third  dimension  corresponds  to  the  three  vertical 
levels,  as  previously  described  for  the  VMDA  matrix.  For 
modeling  vertical-only  resolution  advisories,  aircraft  are 
considered  to  follow  the  CS  path  horizontally. 

The  VMDB  matrix  is  also  a  one-dimensional  three-element  array. 
Like  VMDA,  each  element  contains  a  vertical  separation  value  for 
one  of  the  three  vertical  levels.  Unlike  VMDA,  however,  the 
elements  of  VMDB  represent  achievable  separations,  rather  than 
absolute  minimum  separations,  for  single  vertical  advisories. 
Each  value  is  computed  to  be  the  unweighted  vertical  component 
of  the  minimum  3-D  separation  for  the  vertical-only  maneuvers 
represented  by  the  level. 

The  QSEP  ("quick  separation")  matrix  is  another  3x3x3  array. 

Each  element  is  a  vertical-weighted  3-D  separation  value,  and 
the  dimensions  of  QSEP  are  defined  the  same  as  for  the  PSEP 
matrix.  When  the  aircraft  have  been  modeled  as  responding  to 
new  resolution  advisories  for  a  short  period  of  time  (defined  by 
the  QTIME  parameter),  the  instantaneous  3-D  separation  values 
are  saved  in  the  QSEP  matrix.  Thus,  the  QSEP  matrix  represents 
a  "snapshot"  of  separation  values  shortly  after  the  aircraft 
have  begun  to  maneuver  in  response  to  resolution  advisories. 

QSEP  values  are  occasionally  used  as  a  final  tie-breaker  in 
choosing  the  best  resolution  advisory  set. 

13.2.2  Modeling  of  the  Delay  Period 


In  order  to  account  for  communication  and  pilot  response  delays, 
the  modeling  of  the  aircraft  begins  with  a  short  delay  period. 
The  delay  period  models  the  aircraft  for  a  constant  length  of 
time,  specified  by  the  DELAY  parameter.  During  this  period  it 
is  assumed  that  the  advisories  being  considered  for  the  present 
conflict  will  not  yet  be  effective.  Therefore,  only  turns 
strongly  sensed  by  the  tracker  and  resolution  advisories  issued 
previously  will  affect  the  modeled  flight  paths.  If  any  such 
sensed  turn  or  previous  advisory  is  in  effect  for  either 
aircraft,  then  nonlinear  flight  is  assumed.  In  this  case,  the 
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delay  period  is  modeled  with  a  fast-time  simulation;  the  length 
of  each  time  step  is  specified  by  the  DELINT  parameter.  (DELAY 
should  always  be  an  even  multiple  of  DELINT.)  During  the  first 
half  of  the  delay  period,  any  sensed  turns  are  modeled  for  each 
aircraft.  During  the  last  half  of  the  delay  period,  the 
aircraft  are  modeled  as  responding  to  any  resolution  advisories 
which  are  currently  being  displayed  (as  recorded  in  the  VHAND 
and  HMAND  fields  of  the  Conflict  Table  Entries).  Such  previous 
advisories  are  modeled  only  during  the  delay  period. 

The  modeling  of  sensed  turns  and  previous  turn  left  and  turn 
right  advisories  during  the  delay  period  is  performed  by 
assuming  a  constant  bank  angle,  defined  by  the  parameter  BANKA. 
Previous  negative  horizontal  advisories  are  not  explicitly 
modeled  and  do  not  contribute  to  nonlinear  flight.  Previous 
vertical  resolution  advisories  are  modeled  by  determining  a 
"final"  vertical  rate  which  the  aircraft  is  to  achieve.  If  this 
final  vertical  rate  is  different  from  the  aircraft's  current 
rate,  the  aircraft  is  accelerated  toward  the  final  rate  using 
one  of  the  parameters  ACCELC  or  ACCELD.  In  the  case  of  positive 
vertical  advisories,  the  final  rate  is  determined  by  one  of  the 
parameters  ZDUPF,  ZDUPS,  ZDDWNF,  or  ZDDWNS,  depending  on  the 
directional  sense  of  the  advisory  and  the  aircraft's  current 
velocity.  In  the  case  of  negative  vertical  resolution 
advisories  (Including  VSLs),  the  previous  advisory  may  contain 
both  upward  and  downward  components.  Here  the  current  vertical 
rate  and  a  pair  of  vertical  rate  limits  (chosen  from  Table  13-6) 
determine  the  final  vertical  rate. 

In  the  event  that  neither  aircraft  has  a  sensed  turn  nor  a 
previous  resolution  advisory,  then  linear  flight  is  assumed 
during  the  delay  period.  In  this  case,  both  aircraft  are  simply 
projected  straight  ahead  for  DELAY  seconds,  using  their  current 
velocity  components. 

During  the  modeling  of  the  delay  period,  only  one  flight  path  is 
modeled  for  each  aircraft.  The  result  of  this  modeling  is  a  set 
of  four  minimum  separation  values:  PSEPI,  HMDI,  VMDAI,  and 
VMDBI.  These  values  are  used  to  initialize  all  elements  of  the 
PSEP,  HMD,  VMDA,  and  VMDB  arrays,  respectively,  for  the  modeling 
of  the  maneuver  period. 

13.2.3  Modeling  of  the  Maneuver  Period 


The  maneuver  period  is  modeled  with  a  fast-time  simulation,  in  a 
series  of  time  steps.  The  length  of  each  step  is  given  by  the 
TIMINT  system  parameter,  which  is  chosen  to  be  an  integral 
divisor  of  the  sensor  scan  time  (SCANT).  During  the  maneuver 
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TABLE  13-6 


MAXIMUM  AND  MINIMUM  VERTICAL  RATE  PARAMETERS  FOR 
MODELING  NEGATIVE  VERTICAL  RESOLUTION  ADVISORIES 


DON'T  CLIMB  OR 

LIMIT  CLIMB 

RESOLUTION  ADVISORY 

MAXIMUM  VERTICAL 
RATE  (ZDMAX) 

Don' t  Climb 

0 

Limit  Climb  500  ft/min 

V500 

Limit  Climb  1000  ft/min 

V1000 

Limit  Climb  2000  ft/min 

V2000 

DON'T  DESCEND  OR 
LIMIT  DESCENT 
RESOLUTION  ADVISORY 


MINIMUM  VERTICAL 
RATE  (ZDMIN) 


Don’t  Descend 


0 


Limit  Descent  500  ft/rain  -V500 
Limit  Descent  1000  ft/min  -V1000 
Limit  Descent  2000  ft/min  -V2000 
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period,  multiple  flight  paths  are  modeled  for  each  aircraft,  as 
previously  explained.  The  expected  response  of  the  aircraft  to 
each  resolution  advisory  is  modeled,  and  the  minimum  separation 
values  between  the  aircraft  are  computed.  Resolution  advisories 
are  modeled  in  the  same  way  as  described  for  previous  advisories 
during  the  delay  period  (see  Section  13.2.2),  except  that  VSLs 
are  never  modeled  during  the  maneuver  period.  As  the  predicted 
positions  and  velocities  are  determined,  certain  of  these  values 
are  saved  in  the  Resolution  Advisory  Projected  Position  (RAPP) 
Table  to  be  used  by  the  Domino  Feature  (see  Section  13. A. 2. 4). 
All  elements  of  the  RAPP  Table  are  set  to  an  uninitialized  value 
before  the  predicted  separation  calculations  begin.  This  is 
done  so  that  if  the  domino  logic  tries  to  use  values  that  have 
not  been  calculated,  this  condition  can  be  recognized  and  the 
projection  calculations  may  then  be  performed. 

When  QTIME  seconds  have  passed  in  the  modeling  of  the  maneuver 
period,  the  Instantaneous  values  of  3-D  separation  for  all 
combinations  of  flight  paths  are  saved  in  the  QSEP  matrix,  as 
previously  explained.  These  values  are  used  in  certain  cases  as 
a  final  tie-breaker  in  determining  the  best  resolution 
advisories  (see  Section  13.4.3). 

The  maneuver  period  is  modeled  for  a  fixed  length  of  time, 

MANTM.  MANTM  is  calculated  basically  as  follows:  First,  the 
time  to  3-D  closest  approach  (vertical  weighted)  is  calculated 
after  the  delay  period,  assuming  straight  flight  for  eacli 
aircraft.  To  this  value  a  parameter  (TCADEL)  is  added.  This 
result  is  replaced  by  a  fixed  value  if  the  aircraft  are  slow- 
closing.  Next,  an  upper  limit  is  applied.  This  limit  is 
computed  so  as  to  not  allow  either  aircraft  to  be  modeled 
through  a  turn  of  more  than  TURNA1,  nor  to  allow  both  aircraft 
to  be  modeled  through  a  combined  turn  of  more  than  TURNA2. 
Finally,  fixed  upper  and  lower  limits  of  MTUL  and  MTLL, 
respectively,  are  applied. 

For  some  geometries  the  aircraft  will  still  be  coverging  at  the 
end  of  MANTM.  For  these  geometries,  the  measured  minimum 
separation  will  be  larger  than  the  true  closest  approach. 
Separate  tests  are  applied  to  determine  3-D,  horizontal,  and 
vertical  convergence. 

The  VMDA  matrix  is  used  for  determining  if  negative  resolution 
advisories  give  sufficient  separation.  Negative  vertical 
resolution  advisories  should  not  be  issued  that  will  allow  the 
aircraft  to  converge.  Therefore,  an  entry  in  VMDA  is  set  to 
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zero  if  vertical  convergence  is  indicated.  Likewise,  if 
three-dimensional  convergence  is  indicated  at  MANTM,  then  PSEP 
is  set  to  zero  if  the  resolution  advisory  set  contains  a 
horizontal  maneuver.  For  vertical  maneuvers  only,  PSEP  is 
calculated  by  a  three-dimensional  miss  distance  formula. 
Similarly,  if  horizontal  convergence  is  indicated  at  MANTM,  then 
HMD  is  computed  from  a  horizontal  miss  distance  formula  for  the 
center  element  of  the  HMD  matrix  (no  horizontal  maneuvers)  or 
set  to  zero  for  any  other  element  (at  least  one  horizontal 
maneuver) . 

13.3  Negative  Resolution  Advisories  Evaluation 

The  RAER  logic  selects  positive  resolution  advisories  in  the 
horizontal  or  vertical  dimension  and  then,  in  some  cases, 
modifies  those  resolution  advisories  to  negative.  If  RAER 
determines  that  negative  resolution  advisories  provide 
sufficient  separation,  the  NEGATIVE  flag  is  set  in  the 
Resolution  Advisory  Data  Structure. 

13.3.1  Horizontal  and  Vertical  Negative  Resolution  Advisories 


Reference  to  the  negative  of  a  resolution  advisory  always  means 
the  negative  of  the  opposite  direction  advisory.  That  is,  the 
negative  of  a  turn  left  is  don't  turn  right.  The  negative  of 
turn  right  is  don't  turn  left.  The  negative  of  climb  is  don't 
descend,  and  the  negative  of  descend  is  don't  climb. 

When  the  vertical  dimension  has  been  selected  for  resolution, 
negative  vertical  resolution  advisories  are  selected  if  the 
vertical  predicted  separation  at  the  time  a  pilot  responds  is 
greater  than  the  positive  resolution  advisory  altitude 
separation  (ASEP)  and  the  aircraft  will  not  converge  to  less 
than  ASEP  during  the  projection  interval.  If  both  aircraft  are 
maneuvered,  negative  vertical  advisories  are  explicitly 
modeled.  This  is  not  true  if  only  one  aircraft  is  maneuvered. 

If  only  one  aircraft  is  maneuvered,  both  the  climb  and  descend 
advisories  will  be  examined.  If  the  advisory  will  maneuver  that 
aircraft  into  the  unmaneuvered  aircraft,  then  the  negative  of 
that  advisory  is  not  acceptable,  since  the  negative  advisory 
would  still  allow  the  aircraft  to  maneuver  into  the  unmaneuvered 
aircraft.  If  the  advisory  will  maneuver  the  aircraft  away  from 
the  unmaneuvered  aircraft,  then  the  separation  achieved  by  the 
positive  advisory  is  checked.  If  the  positive  sense  of  the 
advisory  will  prevent  the  aircraft  from  coming  closer  than  ASEP, 
then  the  negative  is  acceptable,  since  the  negative  is 
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essentially  a  level-off  advisory  In  this  particular  altitude 
geometry.  The  negative  Is  acceptable  only  If  the  unmaneuvered 
aircraft  does  not  have  a  large  vertical  rate  towards  the 
maneuvered  aircraft. 

When  the  horizontal  dimension  has  been  selected  for  resolution, 
negative  horizontal  resolution  advisories  are  selected  if  the 
horizontal  predicted  separation  along  each  of  the  possible 
response  paths  is  greater  than  the  positive  resolution  advisory 
horizontal  miss  distance  threshold  (MDTHSQ) .  To  check  if 
negative  horizontal  resolution  advisories  give  sufficient 
separation,  four  HMD  values  must  be  examined  if  both  aircraft 
are  maneuvered,  and  two  HMD  values  must  be  examined  if  only  one 
aircraft  is  maneuvered. 

If  both  aircraft  are  maneuvered,  negative  advisories  are  not 
selected  unless  the  predicted  separations  are  greater  than 
MDTHSQ  for  all  of  the  following  cases: 

1.  Both  aircraft  perform  the  positive  maneuver  being 
evaluated 

2.  Either  aircraft  performs  the  positive  maneuver;  the 
other  continues  straight 

3.  Neither  aircraft  performs  the  positive  maneuver 

For  example,  if  turn  left/turn  left  is  the  advisory  set  being 
examined,  then  the  HMD  values  of  turn  left/turn  left,  turn 
left/continue  straight,  continue  straight/turn  left  and  continue 
straight/continue  straight  must  all  be  greater  than  MDTHSQ  if 
the  NEGATIVE  flag  is  to  be  set  indicating  a  don't  turn 
right/don't  turn  right  advisory  combination  is  acceptable  for 
resolution. 

If  only  one  aircraft  is  maneuvered,  the  predicted  separation 
values  of  two  HMD  entries  are  checked.  If  turn  left  is  the 
advisory  being  examined,  then  the  HMD  value  of  the  turn 
left/continue  straight  and  continue  straight/continue  straight 
advisories  are  checked  to  determine  if  a  don't  turn  right  would 
be  a  sufficient  advisory  to  the  maneuvered  aircraft.  The  value 
of  MDTHSQ  1 8  modified  (increased)  if  either  aircraft  is  turning. 

Double  dimension  advisories  are  not  checked  for  the  possibility 
of  giving  negative  advisories.  When  single  dimension  advisories 
are  checked  for  negatives  being  sufficient,  a  check  for  positive 
or  negative  advisories  to  both  aircraft  (assuming  both 
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maneuvered)  Is  always  made.  The  logic  will  not  issue  a  positive 
advisory  to  one  aircraft  and  a  negative  to  the  other,  except  for 
the  one  case  where  the  aircraft  to  receive  a  descend  advisory  is 
less  than  ATERN  feet  above  the  terrain  threshold.  In  this  case 
the  BELOWIOOO  flag  is  set,  indicating  that  the  descend  should  be 
changed  to  a  don't  climb.  The  Hi,  Vl,  H2,  and  V2  fields  of  the 
selected  resolution  advisory  should  be  modified,  if  necessary, 
because  of  the  NEGATIVE  flag  or  the  BELOWIOOO  flag. 

13.3.2  Vertical  Speed  Limit  (VSL)  Advisories  Evaluation 

If  negative  vertical  resolution  advisories  are  selected  for  both 
aircraft,  additional  logic  determines  if  a  limit  vertical  rate 
advisory  can  be  used  to  resolve  the  conflict.  That  is,  will  a 
"limit  descent  to  some  rate"  suffice  versus  a  don't  descend 
(i.e.  limit  vertical  rate  to  zero).  VSL  advisories  are 
considered  to  be  a  subset  of  negative  vertical  resolution 
advisories. 

The  desired  vertical  speed  limit  is  computed  based  on  the 
current  altitude  separation,  current  vertical  velocity,  expected 
pilot  delay  time,  and  desired  separation  at  the  projected 
closest  separation  time.  Speed  limits  are  computed  for  each 
aircraft  assuming  that  there  is  no  change  in  the  direction  and 
velocity  of  the  other  aircraft.  To  receive  a  VSL,  an  aircraft 
must  be  maneuvering  vertically  faster  than  the  minimum  rate 
(MRATE)  and  the  direction  of  the  aircraft's  current  vertical 
velocity  must  be  towards  the  other  aircraft. 

VSLs  are  computed  individually  for  each  aircraft  of  the  pair. 
Consequently,  only  one  or  both  may  receive  VSLs  or  different 
VSLs  may  be  given  to  each  one.  The  computed  VSL  is  rounded  down 
to  2000  ft/min,  1000  ft/mln,  or  500  ft/mln.  If  a  VSL  resolution 
advisory  is  selected,  it  is  assigned  to  the  vertical  field  in 
the  Resolution  Advisory  Data  Structure. 

13.4  Pastures  Evaluation 


After  determining  which  subset  of  the  master  list  of  potential 
resolution  advisories  is  applicable  to  the  subject  conflict 
pair,  the  subset  must  than  be  reduced  to  a  single  advisory  set 
that  will  resolve  the  conflict.  The  first  step  in  this 
reduction  process  was  calculating  the  projected  separations  in 
response  to  the  various  resolution  advisories.  The  projected 
separations  were  then  used  to  determine  if  the  negative  of  any 
of  the  single  dimension  advisory  sets  will  provide  sufficient 
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separation.  Then  the  projected  separations  and  the  response 
paths  are  used  to  determine  which  advisory  set  will  resolve  the 
conflict  better  than  the  other  advisory  sets. 

The  resolution  advisory  sets  are  evaluated  by  applying  a  number 
of  sequential  tests,  called  features.  If  a  feature  is  true 
(i.e.  passes  the  test)  for  a  given  advisory  set  then  the  feature 
is  said  to  be  "set."  The  outcome  of  the  tests  may  depend  on  the 
geometry  of  the  encounter,  the  speeds  of  the  aircraft,  the 
predicted  separation,  or  many  other  factors.  The  pseudocode  for 
the  Relative  Features  Evaluation  Process  in  Section  13.5  shows 
these  tests  in  order  of  precedence.  Tables  13-7  and  13-8 
provide  the  logic  for  the  resolution  advisory  compatibility  and 
reinforcement  checks,  which  are  used  by  some  of  the  features. 

Although  alternative  implementations  are  possible,  this 
discussion  refers  to  the  tests  as  individual  routines  that 
operate  on  the  list  of  resolution  advisories.  Each  test  has  a 
weight  associated  with  it,  the  most  important  test  having  the 
highest  weight.  These  weights  are  stratified  so  that  the  weight 
of  a  test  is  greater  than  the  sum  of  the  weights  for  the  less 
important  tests.  This  could  be  accomplished  by  using  sequential 
powers  of  two  for  the  weights.  When  a  resolution  advisory 
satisfies  or  passes  a  test  or  feature,  its  VALUE  field  is 
increased  by  the  weight  for  that  test.  The  resolution  advisory 
with  the  highest  number  in  its  VALUE  field  is  considered  the 
best  resolution  advisory.  The  RADS  data  structure  is  general 
enough  to  allow  an  efficient  implementation  in  most  programming 
languages.  The  implementation  should  be  made  flexible  enough  to 
allow  new  tests  to  be  added  and  the  list  reordered  without  a 
major  redesign. 

To  reduce  computation  time,  the  list  could  be  pruned  after  some 
of  the  tests.  For  example,  the  test  that  decides  whether  to 
favor  single  or  double  resolution  advisories  is  guaranteed  to 
cut  the  list  to  about  haLf  of  its  size,  if  all  of  the  previous 
tests  are  equal.  By  eliminating  all  of  the  resolution 
advisories  that  are  not  tied  with  the  highest  value,  the  amount 
of  computer  processing  time  could  be  reduced.  Whether  or  not 
this  savings  is  significant  depends  on  the  implementation.  This 
pruning  of  the  list  can  be  done  only  after  all  of  the  features 
with  higher  weights  have  been  evaluated. 

13.4.1  Absolute  Features 


The  first  three  features,  the  Deliverable,  Dimension  Available 
and  Manuevered/Unmanuevered  Conflict  Features,  are  called 
absolute  features.  As  the  name  absolute  implies,  each  of  these 
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features  must  be  set  true  for  the  resolution  advisory  set  that 
is  selected  to  resolve  the  conflict  pair.  If  none  of  the 
advisory  sets  has  all  three  absolute  features  set,  then  no 
advisory  set  is  selected  to  resolve  the  conflict. 

13.4.1.1  Resolution  Advisory  Compatibility  and  Deliverability 

The  Deliverable  Feature  determines  if  the  resolution  advisories 
can  be  delivered  to  the  aircraft.  This  feature  is  set  true  if, 
on  the  first  scan  that  advisories  are  selected  for  a  conflict 
pair,  either  the  advisories  are  flagged  as  negatives  or  they 
provide  a  minimum  separation  greater  than  that  which  would  be 
obtained  if  no  advisories  were  sent  to  the  aircraft.  On 
subsequent  scans  of  advisory  selection,  this  feature  is 
automatically  set  true. 

The  Dimension  Available  Feature  determines  if  the  resolution 
advisories  will  be  accepted  by  the  ATARS  avionics.  This  feature 
is  set  true  only  if  the  advisories  for  both  aircraft  are 
compatible  with  all  other  advisories  previously  selected  for 
each  of  the  aircraft.  The  compatibility  logic  in  Table  13-7  is 
used  by  this  feature. 

The  Manuevered/Unmanuevered  Conflict  Feature  checks  for  a 
maneuvered  aircraft  in  the  current  conflict  being  unmanuevered 
In  another  conflict  pair.  If  this  situation  is  detected,  then 
this  feature  is  reset  for  any  advisory  sets  that  have  a 
component  in  the  same  dimension  as  that  used  to  resolve  the 
previous  conflict.  This  is  done  because  the  resolution  for  the 
previous  pair  was  based  on  one  of  the  aircraft  not  maneuvering. 
It  is  not  yet  known  how  a  maneuver  would  affect  the  previous 
conflict . 

The  Deliverable  Feature  is  the  only  absolute  feature  evaluated 
when  RAER  is  called  by  the  Conflict  Resolution  Data  Task.  When 
RAER  is  called  from  the  Master  Resolution  Task,  all  three 
absolute  features  must  be  evaluated. 

If  either  or  both  of  the  aircraft  in  a  conflict  are  also  in  one 
or  more  other  conflicts,  then  it  is  possible  that  resolution 
advisories  given  to  the  aircraft  for  the  other  conflicts 
restrict  the  selection  of  advisories  for  the  current  conflict  to 
the  point  where  none  of  the  potential  resolution  advisory  sets 
has  all  of  the  absolute  features  set.  If  this  occurs,  then  the 
multi-aircraft  resolution  logic  is  used  to  attempt  to  select 
resolution  advisories  for  the  pair.  The  multi-aircraft 
resolution  logic  will  not  be  performed  when  RAER  is  called  by 

13-22 


— *3 — - -  —  *  .. 


the  Conflict  Resolution  Data  Task.  This  is  ensured  by 
overriding  the  outcome  of  the  Deliverable  Feature,  if  this  is 
necessary  to  obtain  a  resolution  advisory  set  with  all  absolute 
features  set  to  true.  The  multi-aircraft  logic  can  be  performed 
only  if  both  aircraft  are  to  be  maneuvered.  Otherwise  all 
possible  resolution  advisory  sets  have  already  been  examined. 

13.4.1.2  Multi-aircraft  Resolution  Logic 

The  multi-aircraft  resolution  logic  first  determines  why  no 
advisory  sets  have  all  absolute  features  set.  For  any  advisory 
sets  with  the  Deliverable  and  Dimension  Available  Features  set, 
the  Maneuvered/Unmaneuvered  Conflict  Feature  is  evaluated  using 
the  multi-aircraft  definition.  If  all  absolute  features  are  set 
true  for  any  advisory  sets  after  the  re-evaluation,  then 
resolution  advisories  can  be  given  this  scan.  Otherwise, 
additional  logic  is  executed  in  an  attempt  to  Increase  the 
number  of  advisory  sets  being  examined  for  selection. 

If  only  one  aircraft  is  to  be  maneuvered  for  the  current 
conflict,  then  all  possible  resolution  advisory  sets  have  been 
examined.  Attempts  to  resolve  the  pair  are  delayed  until  later 
this  scan  or  until  the  next  scan.  However,  RAER  will  not  be 
able  to  select  advisories  for  the  current  conflict  pair  until 
the  conditions  preventing  advisory  selection  change. 

If  both  of  the  aircraft  in  the  current  conflict  are  to  be 
maneuvered,  then  the  multi-aircraft  resolution  logic  looks  at 
vertical  advisories  other  than  the  "best  vertical”  set.  If  the 
aircraft  are  currently  within  ZCARE  feet  vertically,  then 
vertical  advisories  opposite  to  the  "best  vertical"  are 
examined.  If  the  aircraft  are  currently  separated  by  more  than 
ZCARE,  both  aircraft  are  given  the  same  vertical  advisory.  Both 
climb  and  descend  to  each  aircraft  are  examined.  All  possible 
double  dimension  advisory  sets  are  also  considered. 

The  absolute  features  for  the  new  advisory  sets  are  then 
evaluated  using  the  multi-aircraft  definition  of  the 
Maneuvered/Unmaneuvered  Conflict  Feature.  If  any  advisory  set 
has  all  absolute  features  set,  then  resolution  advisories  will 
be  selected  this  scan.  Otherwise,  resolution  is  delayed. 

13.4.2  Relative  Features 

The  following  features  are  called  relative  features.  They  are 
used  only  to  select  one  potential  resolution  advisory  set  over 
another  as  the  "better"  set  of  resolution  advisories.  None  of 
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these  features  must  necessarily  be  set  true  for  the  advisory  set 
that  is  selected  to  resolve  the  pair. 

The  relative  features  evaluate  such  things  as  the  projected 
separation  against  certain  thresholds,  the  current  separations 
against  certain  thresholds,  and  the  current  horizontal  or 
vertical  velocities  against  the  other  aircraft  or  against 
certain  thresholds.  Also  evaluated  is  an  advisory's  ability  to 
reinforce  the  advisory  given  to  this  pair  on  the  previous  scan, 
advisories  given  to  either  aircraft  from  other  ATARS  sites  or 
BCAS ,  and  the  turn  status  of  the  aircraft. 

13.4.2.1  Predicted  Separation  Dependent  Features 

Some  of  the  features  examine  the  predicted  separation  in 
response  to  advisories.  The  top  priority  relative  feature  (PSEP 
GE  SEP1)  checks  for  separation  greater  than  a  minimum  desirable 
separation.  Any  advisory  set  providing  at  least  this  separation 
has  this  feature  set. 

A  lower  priority  feature  (PSEP  GE  SEP2)  checks  for  a  larger 
predicted  separation,  SEP2.  There  are  two  SEP2  values,  which 
are  computed  dynamically.  One  value  is  used  for  single  dimension 
advisories  and  the  other  for  double  dimension  advisories.  Each 
value  is  a  percentage  of  the  maximum  separation  provided  by  any 
single  (double)  dimension  advisory  with  all  absolute  features 
set . 

Two  low  priority  features  consider  the  predicted  miss  distance 
in  the  resolution  dimension.  If  a  vertical  advisory  set  will 
provide  large  separation,  the  Big  Vertical  Miss  Distance  Feature 
is  set.  If  a  horizontal  advisory  set  will  provide  large 
separation,  the  Big  Horizontal  Miss  Distance  feature  is  set. 
These  two  features  provide  the  only  exception  to  the  rule  that 
all  features  have  different  weight.  If  either  feature  is  set, 
the  other  feature  is  also  set.  This  effectively  gives  both 
features  the  same  weight. 

13.4.2.2  Aircraft  Geometry  and  Velocity  Dependent  Features 

Certain  relative  features  consider  the  conflict  pair's 
geometry.  If  one  aircraft  is  not  maneuvered  and  that  aircraft 
has  a  large  vertical  velocity  or  a  speed  much  greater  than  that 
of  the  other  aircraft,  then  the  Unmaneuvered  With  Large  Vertical 
Rate  Feature  or  the  Fast  Unmaneuvered/Slow  Maneuvered  Feature  is 
set  for  those  resolution  advisory  sets  containing  double 
dimension  advisories. 
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Another  feature  testa  the  speed  of  each  aircraft.  If  either 
maneuvered  aircraft  has  a  large  velocity  or  if  both  aircraft  are 
slow,  then  all  PRAs  with  horizontal  advisories  have  the  Speed 
Check  Feature  set. 

If  either  of  the  aircraft  Is  receiving  a  terrain  or  obstacle 
alert,  the  Terrain  Or  Obstacle  Alert  Feature  is  set  true  for  all 
horizontal-only  resolution  advisory  sets. 

13.4.2.3  Aircraft  Maneuverability  Dependent  Features 

Some  of  the  features  consider  the  aircraft's  maneuverability 
with  respect  to  horizontal  turn  status  and  vertical  rate  status 
and  with  respect  to  previous  resolution  advisories. 

If  either  of  the  maneuvered  aircraft  has  a  previous  horizontal 
advisory,  then  the  Reinforce  Resolution  Advisory  From  Non- 
Connected  Site  or  BCAS  Feature  or  the  Reinforces  Prior 
Resolution  Advisories  Feature  is  set  true  for  any  advisory  set 
with  a  compatible  horizontal  resolution  advisory.  Similarly, 
the  Reinforces  Turn  Feature  is  set  true  for  any  advisory  set 
with  a  horizontal  maneuver  that  reinforces  a  sensed  turn  for 
either  maneuvered  aircraft.  The  logic  in  Tables  13-9  and  13-10 
is  used  by  these  and  other  features  to  determine  compatibility 
of  horizontal  advisories  with  turn  status  and  vertical 
advisories  with  vertical  velocity. 

13.4.2.4  Domino  Feature 


When  an  aircraft  is  given  a  resolution  advisory,  it  is  possible 
that  by  executing  that  maneuver,  the  aircraft  will  be  directed 
into  another  conflict  requiring  resolution  advisories.  This 
type  of  conflict,  caused  by  a  resolution  advisory,  is  called  a 
domino  conflict.  If  the  second  conflict  begins  before  the  first 
conflict  is  resolved,  then  there  is  a  multi-aircraft  conflict. 

It  is  always  desirable  to  avoid  domino-created  multi-aircraft 
conflicts,  if  at  all  possible.  A  way  to  avoid  a  domino-caused 
multi-aircraft  conflict  is  to  model  an  aircraft's  response  to  a 
resolution  maneuver  and  determine  if  a  conflict  requiring 
resolution  advisories  will  be  created  with  another  aircraft 
during  the  time  the  aircraft  is  responding  to  the  resolution 
advisory.  Then,  if  there  is  more  than  one  set  of  acceptable 
resolution  advisories  for  resolving  a  conflict,  the  set  of 
resolution  advisories  that  does  not  cause  a  domino 
multi-aircraft  conflict  should  be  the  set  of  resolution 
advisories  chosen.  Logic  that  performs  the  checks  for  detecting 
a  domino-caused  multi-aircraft  conflict  is  called  the  domino 
logic. 
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TABLE  13-9 


AIRCRAFT  TURN  STATUS  VERSUS 
HORIZONTAL  RESOLUTION  ADVISORY  COMPATIBILITY  LOGIC 


AC  TURN  HORIZONTAL  RESOLUTION  ADVISORY 


STATUS 

STL 

$TR 

Sdtr 

Sdtl 

{nullres 

{NORES 

{STRNGLFT 

Strus1 

{FALSE 

{true 

{FALSE 

{true 

{TRUE 

{STRNGRGT 

{false 

{true 

{FALSE 

{TRUE 

{TRUE 

{TRUE 

ALL  OTHERS 

{true 

Strue 

{TRUE 

{TRUE 

{TRUE 

{TRUE 

^■{TRUE  -  compatible 
{FALSE  -  incompatible 


TABLE  13-10 


AIRCRAFT  VERTICAL  VELOCITY  VERSUS 
VERTICAL  RESOLUTION  ADVISORY  COMPATIBILITY  LOGIC 


AC  VERTICAL  VERTICAL  RESOLUTION  ADVISORY 


VELOCITY 

iCL 

$DES 

$DDES 

$DCL 

$NULLRES 

Snores 

GREATER  THAN  ZDTH 

iTRUE1 

$ FALSE 

J  TRUE 

$ FALSE 

$TRUE 

$true 

BETWEEN  AND 
INCLUDING 
-ZDTH  &  ZDTH 

Jtrue 

$TRUE 

Jtrue 

$TRUE 

Jtrue 

$TRUE 

LESS  THAN  -ZDTH 

$FALSE 

$TRUE 

*FALSE 

$TRUE 

$TRUE 

$TRUE 

^iTRUE  -  compatible 
tFALSE  -  incompatible 


13-27 


The  domino  logic  is  called  by  the  RAER  during  evaluation  of  the 
relative  features.  Two  features  are  controlled  by  the  outcome 
of  the  domino  logic.  The  most  desirable  situation,  and 
therefore  the  higher  priority  of  the  domino  features,  is  for 
neither  aircraft  to  be  predicted  as  being  involved  in  a  domino 
conflict  because  of  the  subject  resolution  advisories.  The  next 
domino  feature  is  set  if  only  one  aircraft  is  predicted  to  be  in 
a  domino  conflict  because  of  response  to  its  resolution 
advisory.  The  remaining  possibilities  are  that  both  aircraft 
are  predicted  to  be  in  a  domino  conflict  because  of  their 
resolution  advisories,  or  that  domino  logic  is  not  performed  for 
this  pair  of  aircraft.  In  these  two  cases,  neither  of  the 
domino  features  is  set. 

The  domino  logic  must  determine  all  potential  resolution 
advisories  available  to  each  aircraft.  The  potential  resolution 
advisories  are  needed  by  the  Domino  Coarse  Screen  Filter 
(Section  13. 4. 2. A. 2)  to  determine  the  extent  of  the  search 
limits.  This  logic  selects  all  aircraft  that  are  within  the 
search  limits  and  creates  a  Potential  Domino  Conflict  List  for 
each  of  the  aircraft  requiring  resolution  advisories. 

To  determine  if  a  given  resolution  advisory  will  cause  an 
aircraft  to  come  into  conflict  with  another  aircraft,  the 
aircraft's  path  in  response  to  the  resolution  advisory  must  be 
modeled.  This  was  done  when  the  predicted  separation 
calculations  were  performed.  The  projected  positions  and 
velocities  at  four  points  (one,  two,  three,  and  four  scans  after 
the  delay  period)  were  stored  in  the  Resolution  Advisory 
Projected  Position  (RAPP)  Table.  The  domino  logic  compares 
these  values  to  the  projected  positions  and  velocities  of 
aircraft  from  the  Potential  Domino  Conflict  List  using  a 
shortened  detection  logic.  (Previous  resolution  advisories  and 
tracker  sensed  turns  will  be  modeled  for  aircraft  on  the 
Potential  Domino  Conflict  List  in  the  same  way  that  these 
maneuvers  were  modeled  for  the  subject  aircraft.)  Since  the 
only  concern  of  the  domino  logic  is  for  a  conflict  requiring 
resolution  advisories  being  created,  the  resolution  advisory 
checks  are  the  only  checks  of  the  detection  logic  performed.  If 
a  domino  conflict  is  determined  with  any  aircraft  on  the 
Potential  Domino  Conflict  List,  then  the  remainder  of  the  list 
need  not  be  checked  for  another  domino  conflict  caused  by  the 
same  resolution  advisory.  The  subject  resolution  advisory  is 
flagged  as  causing  a  domino  conflict.  The  domino  checks  then 
begin  for  the  next  resolution  advisory. 
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The  first  check  performed  in  the  domino  logic  ie  to  determine 
which  aircraft  is  (are)  maneuvered.  This  can  be  done  by 
examining  the  CMDED_UNCMDED  and  the  UNCMDED_CMDED  flege  of  the 
first  potential  resolution  advisory.  This  information  ia  used 
in  the  Domino  Coarse  Screen  Filter. 

The  Potential  Resolution  Advisory  Domino  Status  Variables  are 
set  by  cycling  through  all  the  potential  resolution  advisories 
that  have  all  absolute  features  set  and  whose  totel  value  is 
tied  for  the  highest  valued  resolution  advisory  set.  There  is 
only  one  status  variable  for  negative  horisontal  resolution 
advisories,  since  a  don't  turn  left  and  don't  turn  right  are 
both  equivalent  to  continue  straight. 

The  Domino  Coarse  Screen  Filter  determines  a  list  of  potential 
domino  conflict  aircraft  for  each  of  the  subject  aircraft  that 
is  to  receive  a  resolution  advisory.  The  Domino  Detection 
Filter  checks  each  potential  resolution  advisory  for  causing  a 
domino  conflict  with  an  aircraft  on  the  Potential  Domino 
Conflict  List. 

13.4.2.4.1  Domino  Logic  Data  Structures 

There  are  two  data  structures  used  by  the  domino  logic.  Both 
are  described  in  the  pseudocode  in  Section  13.5.  One  date 
structure  (PRADSVVBL)  is  associated  with  each  maneuvering 
aircraft  in  the  subject  conflict  pair.  The  other  data  structure 
(PDCLIST)  is  associated  with  each  aircraft  on  the  Potential 
Domino  Conflict  (PDC)  List. 

The  data  structure  associated  with  the  subject  aircraft  contains 
information  on  the  potential  resolution  advisories  for  that 
aircraft  sad  their  status  in  terms  of  the  domino  logic.  All  of 
the  Potenclal  Resolution  Advisory  Status  Variables  are 
initialized  to  INOTPRA  (not  a  potential  resolution  £dvisory). 

As  the  Domino  Coarse  Screen  Filter  examines  the  RAD?,  those 
status  variables  corresponding  to  RADS  that  have  the  potential 
to  be  selected  for  resolution  are  set  to  $DOMNP  (domino  not  yet 
processed).  Those  advisories  with  status  $DOMNP  are  use?  to 
determine  the  domino  coarse  screen  search  limits. 

As  the  Domino  Detection  Filter  processes  the  aircraft  on  the  PDC 
Li st,  the  status  variables  having  the  state  $DOMNP  transition  to 
the  state  $DOMCNC  (domino  conflict  not  osused  by  this  rssolutlon 
advisory)  or  $DOMCC  (domino  conflict  caused  by  this  resolution 
advisory)  as  appropriate.  ifTen  the  domino  features  are  set  for 
each  RADS  based  on  the  final  state  of  the  status  variablss. 
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The  second  data  structure  is  associated  with  each  aircraft  on 
the  Potential  Domino  Conflict  List.  The  data  structure  points 
to  the  State  Vector  of  the  aircraft,  where  the  Domino  Object 
Projected  Positions  (DOPP)  values  are  found.  These  values  are 
used  in  the  Domino  Detection  Filter.  The  data  structure  also 
points  to  the  next  aircraft  on  the  PDC  list. 

The  data  structure  for  the  PDC  aircraft  contains  resolution 
advisory  status  varibles.  These  variables  are  initialized  to 
$NOTTEST  (this  advisory  not  tested  for  causing  a  domino  conflict 
with  this  aircraft).  After  domino  detection  is  performed 
between  a  subject  and  object  aircraft  for  a  resolution  advisory, 
the  appropriate  status  variable  is  set  to  either  $NODOMC  (no 
domino  conflict  caused  by  this  advisory  with  this  aircraft)  or 
$DOMC  (domino  conflict  caused  by  this  advisory  with  this 
aircraft) . 


13.4.2.4.2  Domino  Coarse  Screen  Filter 


The  Domino  Coarse  Screen  Filter  determines  a  list  of  potential 
domino  conflict  aircraft  for  each  maneuvered  aircraft  of  the 
subject  conflict  pair.  This  is  done  by  calculating  the 
maneuvered  aircraft's  projected  response  path  to  all  of  the 
potential  resolution  advisories  during  the  duration  of  the 
conflict,  and  adding  to  this  the  maximum  immediate  separation 
threshold  distance. 

The  Domino  Coarse  Screen  Filter  performs  a  forward  and  backward 
search  along  the  X-list  or  EX -list.  The  distance  to  be  searched 
along  the  list  is  a  function  of  the  current  speed  and  heading  of 
the  subject  aircraft  and  the  potential  resolution  advisories. 

The  lists  searched  are  also  a  function  of  the  subject  aircraft 
being  on  the  X-list  or  EX -list.  If  the  subject  aircraft  is  on 
the  X-list,  only  the  X-list  is  searched  for  potential  conflict 
aircraft.  If  the  subject  aircraft  is  on  the  EX-list,  the 
EX-list  is  searched.  The  X-list  may  also  be  searched  if  the 
aircraft  is  close  to  the  altitude  limit  of  the  X-list  or  is 
projected  to  be  within  the  altitude  limit  of  the  X-list  within 
the  maximum  detection  time  threshold. 

After  determining  which  list  the  subject  aircraft  is  on,  the 
search  limits  along  that  list  must  be  computed.  To  compute  the 
search  limits,  the  resolution  advisory  tau  threshold  and 
immediate  range  parameters  must  be  chosen.  The  maximum  values 
from  Table  13-11  are  used  in  the  Domino  Coarse  Screen  Filter. 
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TABLE  13-11 


VARIABLE1 


DAF 


DRCMD2 


RESOLUTION  ADVISORY  THRESHOLD 
VARIABLES  USED  IN  DOMINO  LOGIC 


INDICES  VALUE3 

CBNTR5I - BUST 

STATE 


C/C2 

C/U 

U/U 

C/C 

C/U 

U/U 


1 

2 

3 

4 
1 
2 

3 

4 
1 


750  ft 
750  ft 
750  ft 
750  ft 
750  ft 
750  ft 
750  ft 
750  ft 
750  ft 


2  750  ft 

3  750  ft 

4  750  ft 


1 

2 

3 

4 
1 
2 

3 

4 
1 
2 

3 

4 


0.5625  rani2 
0.5625  nmi2 
0.5625  nmi2 
0.5625  nmi2 
0.5625  rani2 
0.5625  nmi2 
1.0  nmi2 
1.0  nmi2 
1.0  nmi2 
1.0  nmi2 
1.0  nmi2 
1.0  nmi2 
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PARAMETER 


DTCMDH 


DTCMDH 


TABLE  13-11 
( Continued ) 


INDICES _  _  VALUE 


CONTROL 

ENAT 

MULT 

EQUIP 

NOMINAL 

MIN 

MAX 

STATE 

C/C 

1 

GT3 

E/E4 

TCONH-3  5 

60 

60  s 

E/U 

TCONH-3  5 

60 

60  s 

LE3 

E/E 

TCONH-3 5 

30 

30  s 

E/U 

TCONH-3 5 

30 

30  s 

2 

GT3 

E/E 

TCONH-3 5 

60 

60  s 

E/U 

TCONH-3 5 

60 

60  s 

LE3 

E/E 

TCONH-3 5 

30 

30  s 

E/U 

TCONH-3 5 

30 

30  s 

3 

GT3 

E/E 

TCONH-3 5 

60 

60  s 

E/U 

TCONH-3 5 

60 

60  8 

LE3 

E/E 

TCONH-3 5 

30 

30  s 

E/U 

TCONH-3 5 

30 

30  8 

4 

GT3 

E/E 

TCONH-3 5 

38 

38  s 

E/U 

TCONH-3 5 

38 

38  s 

LE3 

E/E 

TCONH-3 5 

38 

38  s 

E/U 

TCONH-3 5 

38 

38  s 

C/U 

1 

GT3 

E/E 

TCONH-1 5 

60 

60  s 

U/E 

TCONH-1 5 

60 

60  s 

LE3 

E/E 

TCONH-1 5 

30 

45  s 

U/E 

TCONH-1 5 

30 

45  s 

2 

GT3 

E/E 

TCONH-1 5 

60 

60  8 

U/E 

TCONH-1 5 

60 

60  s 

LE3 

E/E 

TCONH-1 5 

30 

45  s 

U/E 

TCONH-1 5 

30 

45  s 

3 

GT3 

E/E 

TCONH-1 5 

60 

60  s 

U/E 

TCONH-1 5 

60 

60  s 

LE3 

E/E 

TCONH-1 5 

30 

45  s 

U/E 

TCONH-1 5 

30 

45  a 

4 

GT3 

E/E 

TCONH-1 5 

60 

60  s 

U/E 

TCONH-1 5 

60 

60  s 

LE3 

E/E 

TCONH-1 5 

38 

53  s 

U/E 

TCONH-1 5 

38 

53  8 
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TABLE  13-11 
(Concluded) 


PARAMETER 

INDICES 

VALUE 

CONTROL 

ENAT 

UUIND5 

STATE 

DTCMDH 

U/U 

1 

1 

30  s 

2 

38  s 

2 

1 

30  s 

2 

38  s 

3 

1 

30  s 

2 

38  s 

4 

1 

38  s 

2 

38  s 

DTCMDV 

Same  as 

DTCMDH,  except 

TCONH  is  replaced 

by  TCONV 

In  the  NOMINAL  column 


^See  local  variable  structure  DRAVBL  in  Sect  Lon  13.5 

*  Controlled  U  ■  Uncontrolled 

^The  value  of  TCONH,  TCONV  Is  calculated  in  Routine  TAU_AND_ 
PROXIMITY_THRESHOLD_DETERMINATION. 

If  the  value  of  DTCMDx  after  subtracting  the  offset  is  not 
within  the  bounds  specified  by  the  MINlmum  and  MAXlmum  columns, 
then  the  value  of  DTOiDx  is  set  to  the  minimum  or  maximum 
value  specified. 

•  ATARS  Equipped  U  ■  Unequipped 

5UUIND  is  defined  in  Routine  DOMINO_UNCON_UNCON_INDEX_ 
DETERMINATION. 
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The  logic  that  performed  the  PSEP  calculations  also  saved 
projected  positions  and  velocities  in  response  to  potential 
resolution  advisories  in  the  RAPP  Table.  To  calculate  the 
coarse  screen  limits,  a  TCMDH  projection  is  made  from  each  of 
the  points  along  the  response  paths  in  the  RAPP  Table. 

Once  the  minimum  and  maximum  x  and  y  projected  positions  have 
been  calculated,  a  buffer  distance  (RMAX)  must  be  added  to 
obtain  the  actual  X-list  (EX-list)  search  limits.  The  buffer 
accounts  for  the  object  aircraft  and  is  equal  to  the  distance 
that  an  aircraft  going  the  maximum  speed  for  the  X-list 
(EX-list)  can  travel  during  the  resolution  advisory  response 
projection  interval  (MANTM  +  DELAY)  and  the  resolution  advisory 
detection  threshold  (TCMDH).  The  maximum  speeds  are  240  kts 
(XVEL)  for  aircraft  on  the  X-list  and  600  kts  (EXVEL)  for 
aircraft  on  the  EX-list.  A  maximum  vertical  maneuver  rate  of 
1000  ft/min  ( CSCREEN. ZFAST)  is  assumed  for  aircraft  on  the 
X-list  and  EX-list. 

The  altitude  limits  used  in  the  Domino  Coarse  Screen  Filter  are 
computed  similiarly  to  the  horizontal  limits.  After  the  search 
limits  have  been  calculated,  the  Domino  Coarse  Screen  Filter 
simply  searches  along  the  X-list  (EX-list)  looking  for  aircraft 
that  are  contained  in  the  x,  y  and  z  search  limits.  Any 
aircraft  within  these  bounds  are  added  to  the  Potential  Domino 
Conflict  List  for  the  subject  aircraft.  Any  aircraft  within  the 
search  limits  that  are  already  in  conflict  with  and  receiving  a 
resolution  advisory  because  of  the  subject  aircraft  are  not 
added  to  the  Potential  Domino  Conflict  List. 

It  is  possible  for  an  aircraft  to  be  in  more  than  one  conflict 
on  a  scan.  If  this  is  the  case,  then  it  is  possible  to  compute 
a  list  of  potential  domino  conflict  aircraft  twice  on  the  same 
scan  for  a  particular  aircraft.  It  is  best  to  avoid  this 
duplicate  processing  if  possible.  When  a  list  of  potential 
domino  conflict  aircraft  is  created  for  a  subject  aircraft,  a 
pointer  to  the  head  of  that  list  is  saved  in  the  Pair  Record. 
Also  in  the  Pair  Record  is  a  field  of  flags  indicating  which 
maneuvers  were  considered  in  the  determination  of  the  list.  If 
an  aircraft  goes  through  master  resolution  and  RAER  a  second 
time  in  the  same  scan,  then  it  is  possible  that  the  same 
Potential  Domino  Conflict  List  may  be  used.  If  the  resolution 
advisories  being  considered  for  the  second  conflict  are  the  same 
or  a  subset  of  the  resolution  advisories  considered  for  the 
first  conflict,  then  the  same  list  of  potential  domino  conflict 
aircraft  may  be  used.  If  the  other  aircraft  in  the  current  pair 
i s  on  the  list  of  potential  domino  conflict  aircraft,  it  must  be 
deleted  from  the  list. 
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13.4.2.4.3  Domino  Detection  Filter 


The  remainder  of  the  domino  logic  consists  of  performing  the 
detection  checks  for  conflicts  requiring  resolution  advisories 
between  the  subject  aircraft  and  each  of  the  aircraft  on  the 
Potential  Domino  Conflict  List.  The  detection  checks  are 
performed  for  each  aircraft  on  the  Potential  Domino  Conflict 
List  or  until  a  conflict  is  found,  for  each  potential  resolution 
advisory  for  the  subject  aircraft.  The  conflict  detection 
parameters  are  determined  from  Table  13-11. 

13.4.2.4.3.1  Domino  Coarse  Detection  Filter 


To  minimize  the  number  of  times  the  Domino  Detection  Filter  is 
performed,  a  coarse  detection  check  is  performed  first.  The 
Domino  Coarse  Detection  Filter  determines  the  need  for 
performing  the  detailed  conflict  detection  checks  at  each  of  the 
projected  points.  First,  it  determines  if  the  two  aircraft  will 
be  in  conflict  in  the  vertical  dimension  at  any  time  during  the 
domino  projection  interval.  If  a  conflict  in  the  vertical 
dimension  is  not  possible  during  this  interval,  then  the 
detection  checks  do  not  have  to  be  performed  for  this  potential 
domino  conflict  aircraft.  Otherwise,  a  coarse  check  in  the 
horizontal  dimension  is  performed.  The  horizontal  check  is  not 
passed  if  the  aircraft  are  diverging  and  presently  separated  by 
more  than  the  immediate  range  threshold  for  a  conflict. 

However,  if  the  potential  domino  conflict  aircraft  is  receiving 
a  positive  horizontal  resolution  advisory,  or  the  potential 
resolution  advisory  to  the  subject  aircraft  is  a  positive 
horizontal  resolution  advisory,  then  the  horizontal  coarse 
detection  check  must  be  performed  from  all  four  of  the  projected 
positions.  All  four  checks  must  fail  (indicate  a  conflict  is 
not  possible)  for  the  horizontal  check  to  fail. 

The  Domino  Coarse  Detection  Filter  should  not  be  confused  with 
the  Domino  Coarse  Screen  Filter.  The  Domino  Coarse  Screen 
Filter  generates  a  list  of  aircraft  which  are  in  the  vicinity  of 
the  pair  of  aircraft  in  conflict.  The  Domino  Coarse  Detection 
Filter  is  a  way  to  reduce  the  computations  needed  to  determine 
conflicts  between  aircraft  on  the  Potential  Domino  Conflict  List 
and  a  subject  aircraft  from  the  conflict  pair. 

13.4.2.4.3.2  Domino  Resolution  Advisory  Detection  Filter 

The  Domino  Resolution  Advisory  Detection  Filter  performs  only 
those  checks  necessary  to  detect  a  conflict  requiring  resolution 
advisories.  Those  checks  include  the  tau  and  immediate  range 
checks  in  both  the  horizontal  and  vertical  dimensions.  The 
maneuvering  target  threat  check  is  not  performed. 
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If  the  non-mode  C  option  of  the  domino  logic  is  being  performed, 
then  some  of  the  potential  domino  conflict  aircraft  may  not  have 
mode  C  data*  In  a  pair  including  a  non-mode  C  aircraft,  the 
aircraft  are  assumed  to  be  in  conflict  in  the  vertical  dimension. 

The  checks  for  determining  the  need  for  resolution  advisories 
require  the  computation  of  tau  values  and  immediate  range 
values.  The  domino  detection  filter  must  compute  these  values 
at  four  points  along  the  projected  path  of  each  potential  domino 
conflict  aircraft  paired  with  an  aircraft  from  the  subject 
pair.  In  addition,  it  is  possible  to  repeat  the  same 
calculations  twice  between  the  same  two  aircraft.  For  example, 
if  a  maneuvered  aircraft  may  receive  either  a  turn  left  or  turn 
right  advisory,  then  the  domino  logic  would  repeat  the  vertical 
tau  and  separation  calculations  against  a  particular  aircraft 
when  checking  each  horizontal  advisory  for  causing  a  conflict. 

The  number  of  computations  could  be  reduced  by  remembering  the 
outcome  of  the  detection  checks  between  the  two  aircraft.  The 
data  structure  for  the  Potential  Domino  Conflict  List  contains 
fields  to  remember  the  outcome  of  the  detection  checks. 

13.4.3  Tie-Breaking  Feature 

It  is  possible  for  two  or  more  PRA  sets  to  have  the  same 
features  set  after  all  absolute  and  relative  features  are 
evaluated.  In  case  of  a  tie,  a  final  tie-breaking  feature  is 
used  to  break  the  tie.  This  feature  checks  for  the  largest 
predicted  separation  after  the  aircraft  respond  to  the 
advisories.  If  a  tie  still  remains,  predicted  separation 
shortly  after  the  aircraft  begin  to  respond  to  the  advisories 
(at  QTIME)  is  checked  using  the  QSEP  matrix.  This  feature  is 
designed  to  always  break  ties. 

13.5  Pseudocode  for  Resolution  Advisories  Evaluation  Routine 


The  high  and  low  level  pseudocode  for  the  Resolution  Advisories 
Evaluation  Routine  is  included  in  this  section.  Most  notation 
conventions  are  described  in  Section  12.4. 

Because  of  the  complexity  of  this  logic,  the  lower  level 
processes  are  not  all  simple  routines.  In  some  cases,  they  are 
themselves  high  level  logical  routines  that  have  more  than  one 
lower  level  of  subprocess.  Tables  13-12  through  13-15  show  the 
process  breakdown  of  RAER. 
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TABLE  13-12 


RESOLUTION  ADVISORIES  EVALUATION 
ROUTINE  PROCESS  HIERARCHY 


1.  maneuvering  AC  determination2 

2.  potential  resolution  advisory_sets_selection 

o  two  AC  resolution  logic  vertical  resolution  advisories_selection 

3.  PSEP_MATRIX_GENERATOR2 

4.  potent ial_resolution_advisory_sets_culling 

o  negative  resolution_advisory_determination 

-  vertical_divergence_logic 

-  one  AC_maneuvering_negative_vertical_resolution_advisory_test 

-  posTtive_to_negative_resolution_advisory_conversion 

o  VERTICAL_SPEED_LIMIT_ADVISORY_EVALUATION 
converg ing_AC_check 

-  vertical  speed  limit  calculation 

o  absolute  features_evaluation  two  AC_resolution  definition2 

5.  multi_AC_re8olution 

o  resolution_advisory_compatibility  with  existing  conflicts 

-  feature  maneuvered_unmaneuvered  conflict  multi  AC  definition 

o  multi_AC_conflict_poasible  resolution  advisories 

-  PSEP_MATRIX_GENERATOR7 

o  multi_AC_resolution_logic_advisories  calculations 

-  absolute  features  evaluation  multi  AC  resolution  definition 

—  feature_deliverable 

—  feature_dimen8ion_available 

—  feature_maneuvered_unmaneuvered  conf lict_multi_AC_def inition 

-  multi  AC  vertical  maneuvered  unmanuevered  conflict_determination 

RESOLUTION  ADVIS0RY_M0DELING_F0R_PREDICTED_SEPARATI0N4 

-  multi  AC_horTzontal  maneuvered_unmaneuvered  conflict_determinatlon 

RESOLUTION  ADVISORY  MODELING  FOR  PREDICTED  SEPARATION4 
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TABLE  13-12 
(Concluded) 


6.  f inal_resolution_advisory  selection 

o  relative_features  evaluation2 

o  highest_valued  potential  resolution  advisory  sets  count 
o  feature  domino  logic2 
o  tie_breaker  features  evaluation2 
o  PSEP_model_validation_values  saved 

7.  PSEP  model  validation  values  saved 


2The  capitalization  in  Tables  13-12 
Process  names  are  in  lover  case  and 
2This  process  is  presented  in  detail 
2Ihia  process  is  presented  in  detail 
*This  routine  is  presented  in  detail 


thru  13-14  conforms  to  that  used  in  the  pseudocode. 
Task  and  Routine  names  are  in  upper  case, 
in  Table  13-13. 
in  Table  13-14. 
in  Table  13-15. 
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TABLE  13-13 


PSEP  MATRIX  GENERATOR  ROUTINE  HIERARCHY 


1 .  PSEP_MATRIX_GENERATOR 

•  modeling_of_delay_period 

-  linear_modeling_of_delay 

—  V  ERT I C AL_ADV ANC  EME  NT 
—  CONTINUE_STRAIGHT 
—  CONVERGE NCE_3D 
—  MIS  S_D  I S  TAN CE_3  D 
—  CONVERGENCE_HORIZONTAL 
—  MISS_DISTANCEJHORIZONTAL 

-  nonllnear_modellng_of_delay 

—  nonllnear_delay_preparations 

-  FINAL_VERTICAL_RATE_DETERMINATION 

-  COMPUTATION_OF_TURN_CONSTANTS 

—  nonlinear_advancement 

-  VERT I C AL_ADV ANC EME  NT 

-  TURN_LEFT 

-  TURN_RIGHT 

-  CONTINUE  STRAIGHT 


•  vertlcal_level_selectlon 

-  vert ical_rate_determination 

•  horizontal_path_selection 

•  maneuver_time_calculation 

•  maneuver_modeling 

-  geometry_inltializatioa 

-  COMPUTATION_OF_TURN_CONSTANTS 

-  incremental_advancement 

—  VERTICAL_ADVANCEMENT 
—  CONTINUE_STRAIGHT 
—  TURN_LEFT 
—  TURN_RIGHT 
—  addltlon_to_RAPP_table 

-  8eparatlon_calculatlon8 

-  collection_of_minimums 

•  vertical  converge nce_c hecks 
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TABLE  13-13 
(Concluded) 


•  horizontal_convergence_checks 

-  CONVERCENCE_HORIZONTAL 

-  MISS  DISTANCE  HORIZONTAL 


•  t  hre  e_d  lme  ns  1  ona  l_c  on  ve  rg  e  nc  e_c  hecks 

-  CONVERGENCE_3D 

-  MISS  DISTANCE  3D 
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TABLE  13-14 


RAER  FEATURES  HIERARCHY 

1.  absolute  features_evaluation_two_AC_resolution_definition 

•  feature_deliverable 

•  feature  dimension  available 

s  featurejaaneuvered  unmaneuvered  conflict_two_AC  definition 

-  two_AC  vertical  maneuvered_unmaneuvered_conflict_determination 

-  two_AC~horlzontal  maneuvered_unmaneuvered  conflict  determination 

2.  relative  features  evaluation 

•  feature_PSEP_GE_SEPl 

•  feature_'einf orce_res_adv_f rom_non  connected_site  or_BCAS 

-  other  sources  resolution  advisory  determination 

s  feature_terrain_or_obstacle_alert 
s  feature_aircraf t_far_from_radar 

•  feature_negative_resolution_adviaories_suf fice 

•  feature_negative_resolution_advisories_do_not_reverse_maneuver 

•  feature_fast_unmaneuvered_slow  maneuvered 

•  feature_unmaneuvered_with_large_yertical_rate 
s  feature_no  level  of f_time_for_verticals 

s  feature_non_response_to_positlve_resolution_advisories_datected 

•  feature_aircraf t  on  final_approach 

s  feature^initial_resolution_advisory_aelection 

•  feature_PSEP_GE_SEP2 

•  feature  compatible  with  turn 
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TABLE  13-14 
(Continued) 


o  feature_big_vertical  miss  distance 
o  feature_blg_horizontal  miss_dlstance 
o  aame_weight  calculations 

o  feature_relnforces_prlor  resolution  advisories 

o  feature_speed_check 

o  feature_reln£orces_turn 

feature_domino_logic 

o  domlno_conf llct_detectlon 

-  potentlal_domlno_conflict_llst  creation 

—  pair_record_check_f or_existing_po tent ial_domino_conf lie t_list 

-  potential_domino  conflict  llst_copy 

potent ial_domino_conf lict_list_entry_addition 

—  domino  coarse  screen 

-  potential  resolution  advisory  status_varlable  determination 

-  domino_search_area_subject_AC_calculations 

domino_search_area  horlzontal_dimension_calculations 
NEGATIVE_VERTICAL_RESOLUTION_ADVISORY_MODELING 
VERTICAL_ADVANCEMENT 

vertical_only_nonlinear  modeling  of  delay 
FINAL__VERTICAL_RATE_DETERMINATION 
vertical_only_modeling  of  maneuver  period 
VERTICAL_ADVANCEMENT 

domino_search_area_vertical_dimension_calculatione 

-  EX_list_object_AC_domino_buf fer  area_calculations 

-  EX_list_domino  search_limits_caTculations 

-  EX_list_domino~search 

EX_list_forward_domino_search 
domino_coarse_screen_altitude_conflict_test 
potent ial_domino_conf lict  list_entry_addition 
EX_list_backward  domino  searcK 

domino_coarse_screen_altitude  conf lict_test 
potential  domino  conflict  iTst  entry  addition 
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TABLE  13-14 
(Concluded) 


-  X_lisC  object  AC  domino_buf f er_area_calculatlon,3 

-  X_list  domino  search  limits  calculations 

-  X_LIST_SIGNPOST_ENTRY_CALCULATION 

-  X  list  domino  search 

X_list  forward_domino_search 

domino  coarse_screen  altitude  conflict  test 
potent ial_domino_conf lie t_list_entry_addit ion 
X_list  backwardjdomino  search 

domino_coar8e_screen  altitude_conf lict_test 
potential  domino_conf lict  list  entry_addition 

-  domino  resolution_advisory_detection_f liter 
—  Zomino_detection  thresholds 

-  domi no_encoun  t"e r_AC_mul tiplicit y_de t ermi nation 

-  ENCOUNTER_AREA_TYPE_DETERMI NATION 

F I NAL_AP  PROACH_ZONE_DETERMlNAT ION 
ARE  A_T  YPE_DE  TE  RMI NATION 

-  aircraft_pair_equipment_and_control_state_detef  :ination 

-  DOMINO_TAU_AND_PROXIMITY_THRESHOLD_DETERMINATI(  I 

DOMINO_UNCON_UNCON_INDEX_DETERMINATION 

—  domino  coarse  detection  checks 

-  domino_course  detection  vertical  dimension  chec  s 

-  domino  course_detection_horizontal_dimension  ch>  cks 
DOMI N 0_RE  S OL UT ION_TAU_AND_P  ROX IMI T Y_C  OMPARISONS 

—  non_mode_C_resolution_tau_and_proximity  comparisons 

o  domino_feature8_weight_addition 
tie_breaker  features  evaluation 

o  feature_biggest_separation_for_negatives 
o  feature_biggest_separation  for  positives 
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TABLE  13-15 


RESOLUTION  ADVISORY  MODELING  FOR 
PREDICTED  SEPARATION  ROUTINE  HIERARCHY 


RES  QLUT ION_ADV ISORY_MODELING_F  OR_PREDICTED_SEPARAT I ON 

o  one_pa  thjnodel  ing__o  f_d  elay_perl  od 
-  one_path_linearjmodellng  of  delay 
—  VE  RT I  CAL__ADV  ANC  EMENT_  ~ 

—  CONTI NUE_STRAIGHT 
—  CONVERGENCE_3D 
—  MISS  DISTANCE  3D 


one_path_nonlinear_modeling  of  delay 
—  F I NAL_VE RT I CAL  RATE  DETlRFff'NAT I ON 
~  COMPUTATION  OFJTURN_CONSTANTS 

-  nonlinear_a<Tvancen>ent 

-  VERTICAL  ADVANCEMENT 

-  TURN  LEFT 

-  TURN_RIGHT 

-  CONTINUE_STRAIGHT 

o  maneuver_time_calculation 
o  FINAL_VERTICAL_RATE_DETERMINATION 
o  one_path_maneuver  modeling 

-  COMPUTATION_OF~TURN_CON  STANTS 

-  one_path_incremental  advancement 

-  VE  RT I C AL_ADV AN C  EME  NT 

-  TURN_LEFT 

-  TURN_RIGHT 

-  CONTINUE_STRAIGHT 

o  one_path_3D__convergence  check 

-  C0NVERGENCE_3D 

-  MISS  DISTANCE  3D 


RESOLUTION  ADVISORIES  EVALUATION  ROUTINE  LOCAL  PARABETERS . 13-P7 
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ROOTIRE  7 BRTI C kl_k DT t RCE BERT . 13-P273 

ROOTIRE  TEBTICRL_SPBED_LIHIT_»DTISORT_ET»LO»TIOR  .  13-P275 

PROCESS  coB*atgiBg_»C_chack  .  .  .  13-P277 

PROCESS  Tartical_spaad_liait_calCBlatioa  .  ....  13-P279 

ROOTIRE  I_tIST_SIGEPOS?_EETRT_CUCOHTIOI . 13-P281 
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STRCCTDPE  RAERPARB 


SBOOP  domino 
1ST  EXVFL 

pit  amr 

FLT  BAXTLI 

flt  mn» 

1ST  XVTL 

SPOOP  pointers 
PTP  BACBRADS 
PTB  FACBRADS 
PTP  BOPVRADS 

PTH  BSSVRADS 

P^R  SACSRADS 

GROOP  negative_RA 
FIT  ATERR 

PIT  HR  ATS 

FLT  SS7DAW 

FIT  SS70PT 


GROOP  aulti-AC 
FIT  SCABS 


{aaz  velocity  of  AC  on  SX-list> 

{Bax  iaaediate  altitude  separation  threshold) 

<aaz  controlled  AC  tan  detect  threshold  for  Ooaino 
Detection) 

<aax  uncontrolled  AC  tau  detect  threshold  for  Doaino 
Detection) 

<aax  »elocity  of  AC  on  X-list> 


<pointer  to  RADS  with  both  AC  aanenrered) 

{pointer  to  RADS  with  first  AC  aaneuwered) 

{pointer  to  RADS  for  aulti-AC  resolution  logic 
with  opposite  sense  wertical  RAs  to  each  AC) 

{pointer  to  PADS  for  aulti-AC  resolution  logic  with 
sane  sense  rertical  RAs  to  each  AC) 

{pointer  to  RADS  with  second  AC  aaneuwered) 

{altitude  above  terrain,  below  which  a  Descend  aust 
be  changed  to  a  Don't  Cliab) 

{ainiaua  vertical  rate  required  for  an  AC  before  a  VSL 
aay  be  chosen  for  that  AC) 

{vertical  divergence  altitude  threshold  for  negative 
RA  suffices  deteraination  logic) 

{vertical  divergence  projection  tine  for  negative  RA 
suffices  deteraination  logic) 


{altitude  separation,  below  which  opposite  sense  vertical 
RA's  are  selected;  above  which  sane  sense  vertical  RA's 
are  selected) 


RESOLOTIOB  ADTISORIRS  E7AHJATI0B  ROOTIRE  LOCAL  PARARETBRS 


.'f'lfetW'LK  . . . . 


f«  tftscm im  fags  bumc-not  films 
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SROOP  feature_veights 


IBT 

BIGHWST 

<veight 

Cor 

I IX 

BIGTBQT 

<velght 

for 

ISI 

BSBPBBGT 

<veight 

for 

ISI 

BSBPPBOT 

<veight 

for 

IBT 

C08BTB0T 

<veight 

for 

131 

OBLWGT 

<veight 

for 

131 

DIB  ATBGT 

<veight 

for 

IBT 

D0R1BGT 

<veight 

for 

XU 

PABRABOT 

<«elght 

for 

IBT 

FAZROT 

<veight 

for 

III 

POCSCBGT 

<veight 

for 

ISI 

SDBHRfGT 

<velght 

for 

III 

BDOHRGT 

<veight 

for 

HI 

BRGSPRGT 

<»elght 

for 

IBT 

BOLETWGT 

<veight 

for 

HI 

BR5SPBGT 

<veight 

for 

IBT 

OTHSTBGT 

<veight 

for 

ISI 

PSEP1WGT 

<veight 

for 

IBT 

PSBP2RGT 

<veight 

for 

ISI 

R5IBTBGT 

<velght 

for 

ISI 

RBPRABGT 

<weight 

for 

IBT 

SBGLDBGT 

<veight 

for 

HI 

SPDCKBGT 

<veight 

for 

IBT 

TBBOBBGT 

<velght 

for 

IBT 

OCLTBBGT 

<weight 

for 

ISI 

DBBARBGT 

<veight 

for 

big  horizontal  Hiss  distance  feature> 

big  vertical  aiss  distance  feature> 

big  separation  for  negatives? 

big  separation  for  positives? 

coapatible  with  tarn? 

deliverable  feature? 

diaension  available  feature? 

one  AC  caused  a  doaino  conflict  feature? 

far  froa  radar  feature? 

ic  on  final  approach? 

fast  uneided/slov  ceded? 

negative  does  not  reverse  aanenver? 

neither  AC  caused  a  doaino  conflict  feature? 

negative  suffices? 

no  level-off  tiae  for  verticals? 

non-response  to  positive  res  adv  detected? 

reinforce  other  sites  feature? 

PSBP1  GB  SEP1  feature? 

PS8P2  GB  SBP2  feature? 

reinforces  turn? 

reinforce  prior  res  adv? 

logic  favoring  single  diaension  res  adv? 

speed  check? 

terrain  or  obstacle  alert? 
uncaded  with  large  vertical  rate? 
aanauvered/unaaneuvered  conflict  feature? 


RESOLOTXOB  ADf ISOIIBS  If lttJATIOB  ROOTIBB  LOCAL  PARARSTEFS 
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GBOOP  features 


PIT  BDHHSQ 

PLT  HOBSQ 

PLT  RDISTB 
PIT  SEP2BP 
PIT  TV1 
PLT  TV 2 
PLT  TXTH1 

PLT  TXTH2 

PIT  VPkSTSO 

PIT  VPH’-IO 

PLT  VSLOWSQ 

PLT 


{horizontal  aiss  distance  squared,  above  which  res  adv  sets  with 
horiz  coaponents  are  favored,  when  at  least  one  kC  Is  turning> 
horizontal  aiss  distance  squared,  above  which  res  adv  3ets  with 
horiz  coaponents  are  favored,  when  neither  kC  is  turning> 
<distance  froa  radar  where  range-aziauth  data  becoaes  unreliable) 
<SEP2  threshold  percentage) 

<tiae  threshold  to  allow  vertical  crossover) 

<tiae  threshold  to  allow  vertival  level-off) 

{lower  Halt  of  track  crossing  angle  for  which  double 
diaension  res  adv  are  prefered) 

{upper  liait  of  track  crossing  angle  for  which  double 
diaension  res  adv  are  preferred) 

{horiz  speed  for  aaneuvering  kC  above  which  vert 
or  double  diaension  res  adv  are  preferred) 

{ratio  of  squared  speed  of  uncaded  kC  to  ceded  kC, 
above  which  double  diaension  res  adv  are  preferred) 

{horiz  speed  for  aaneuvering  kC  below  which 

horiz  or  double  diaension  res  adv  are  preferred) 

{vert  rate  used  to  deteraine  when  an  uncaded  kC  has  a 

threatening  rate.  klso,  used  to  deteraine  when  neg  vert  res 
adv  would  be  disruptive  to  a  saneuvered  kC> 


GBOOP  ai3c 

PLT  DOBCRSE 
PLT  DOBSCkBS 
PLT  DOBSHCH 
PLT  TVROLS 


{scans  of  doaino  coarse  detection  checks) 

{scans  of  doaino  projection  interval  after  DELBY  period) 
{scans  of  doaino  coarse  detection  checks) 

{projection  tiae  for  'eight  second  rule') 


rntmti; 
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STRDCTDR E  LOGIC  TABLES 


GROOP  coepatible_res_adv 
BIT  COHPH"'(11,11) 


GBOOP  reinf_res_adv 
BIT  RETMF  (9,11) 


GROOP  co«pat_turn_states 
BIT  COfIPATTS  (7, 6) 


BIT  COHPATZD  (3,3) 


<table  of  resolution  advisory  conpatibility : 
CONPAT(new  res  adv,  previous  res  adv); 
true  when  coapatible> 

<table  of  resolution  advisory  reinf orcenent; 
REISP(new  res  adv,  previous  res  adv)  ; 
true  when  new  reinforces  old> 

<table  of  horit  turn  status  compatibility  with 
res  adv:  COHPATTS  (turn  status,  res  adv); 
true  when  conpatible> 

<table  of  vert  velocity  coeoatibi lity  with 
res  adv:  C0KPAT7D  (ACID. ZB,  res  adv) 
true  when  conpatible> 


BHBSTROC’DRE: 
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<***  PAFANETSHS  USED  IN  PSEP  flOOELING  OP  AIBCBAPT  «**> 


STBOCTOFE  HODELING 

GBOOP  values 


PLT 

ACCELC 

PLT 

ACCELD 

PIT 

BANKA 

PLT 

DELAT 

FLT 

DELIN'" 

PT  T 

G 

HI 

NTLL 

PLT 

NTSC 

III 

STUL 

PLT 

QTINE 

PLT 

TCA  DEL 

112 

TIN  IN" 

PLT 

TNVBAN 

PLT 

TUBNA1 

PLT 

TUBNA2 

HI 

VP"H2 

PLT 

VTHSQ 

PLT 

V1000 

FT  T 

V2000 

PLT 

V500 

HI 

IDDWN? 

PLT 

ZDDWNS 

HI 

ZDUPP 

HI 

ZDOPS 

ENDSTBOC-OSB: 


<  Opward  acceleration  rata  > 

<  Downward  acceleration  rata  > 

<  Assuaed  bank  angle  for  all  tnrns  > 

<  Length  of  aodaling  delay  period  > 

<  Tiaa  Interval  for  nonlinear  aodellng  of  delay  period 

<  Acceleration  due  to  gravity  > 

<  Lover  Halt  on  aanenvar  tlae  > 

<  slow-closing  value  for  aaneuver  tlae  > 

<  upper  Halt  on  aanenvar  tlae  > 

<  Projection  tlae  for  saving  QSBP  satrlx  > 

<  Tlae  increaent  for  coaputing  aaneaver  tlae  > 

<  rise  Interval  for  aanenvar  aodellng  > 

<  saneuver  tlae  for  aodellng  negative  vertical  BAs  > 

<  naxiaua  tarn  angle  for  one  aircraft  > 

<  naxiaua  coabined  tarn  angle  for  two  aircraft  > 

<  slow-closing  velocity  threshold  > 

<  threshold  for  'fast*  vs.  'slow*  aircraft  > 

<  vertical  rate  aodeled  for  1000  ft/ain  VSL  > 

<  Vertical  rate  aodeled  for  2000  ft/aln  TSl  > 

<  Vertical  rate  aodeled  for  500  ft/ain  TSl  > 

<  Achievable  descent  rate  for  a  'fast'  aircraft  > 

<  Achievable  descent  rate  for  a  'slow'  aircraft  > 

<  Achievable  cllab  rate  for  a  ’fast*  aircraft  > 

<  Achievable  cllsb  rate  for  a  'slow'  aircraft  > 
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EEEEEEEEEEEEESES  SEE 


STBOCTPBB  RAEBTBL 


GBOOP  logic_path 
BIT  HRRCAP 


BIT  SSGDIB 


(Raster  Resolution  called  BIBB  whan  true,  Conflict  Bnsolotion 
Data  Tack  called  BIBB  vhen  falc«> 

(single  diaension  BA's  preferred  vhen  true,  doable  die,  when 
f alse> 


GBOOg  res_adv 
ASfP 

FSTOSCZD 
RDHS 

MPRAABS 
OSH5A5 1 
OSHS  AR2 
OSVR  RBI 
OSVPIAB2 
BASEL  ECT 
BSPBD1 
BSPBD2 
TRATIO 
TVALOE 
TVEBT 
TITS 
VERTBA1 
VBRTRA2 
Z8SEC1 
Z 8 SBC 2 


<altitnde  separation  threshold> 

<set  true  when  ZD  of  uncaded  AC  is  threatening* 

<threshold  for  favoring  res  adw  with  a  horiz  coaponent  when 
large  horizontal  aias  distance  is  projected* 

<naaber  of  BADS  with  all  absolute  features  favored* 
horizontal  BA  fros  other  site  or  BCAS> 

(horizontal  BA  froa  other  site  or  BCAS* 

(vertical  BA  froa  other  site  or  BCAS* 

(vertical  BA  froa  other  site  of  BCAS* 

(res  adw  selected  this  scan  for  this  nair* 

(AC  is  to  be  aaneuvered  by  BA  El,  if  true* 

(AC  is  to  be  aaneuvered  by  BABt,  if  true* 

(speed  ratio  of  uncaded  1C  to  caded  AC* 

(teaporary  value  of  features* 

(teaporary  vertical  resolution  advisory* 

(track  crossing  angle* 

(vert  res  adv  selected  by  8  sec  rule  for  1st  AC  of  pair* 
(vert  res  adv  selected  by  8  sec  rule  for  2nd  AC  of  pair* 

(8  sec  altitude  projection  froa  current  tine  for  first  AC* 

(8  sec  altitude  projection  froa  current  tine  for  second  AC* 
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WSCSCIiXJ  FACS  BLANC -NOT  FILMED 


GBOPP  pointers 
PTR  EIBBTRI 
PTB  P1BC 
PTB  BIOS 
PTB  BADSPTR 

ns 

PTP  RAPP2 
PTR  TRIOS 

GBOPP  neg_res_adv 
IBT  9DTBR 

Ill  9EGDIV 
PIT  TRT9P 

ey,P?TPPCTopB; 


IESOLOTIOI 


<snconntsr  list  entry) 

<pair  record  pointer) 

<pointer  to  list  of  potential  Si's  for  the  current  pair) 
<pointer  to  selected  res  ads) 

<pointer  to  RAPP  Table  for  first  1C  in  pair) 

<pointer  to  BAPP  Table  for  second  AC  in  pair) 

<teaporary  RADS  pointer) 


<sq  of  neg  hor  res  ads  thr,  ear  be  sodlfied  value  in  soee 

cases) 

<neg  vert  res  adv  divergence  threshold) 

<trne  horizontal  tau) 


ADVISORIES  EV ALPATIOR  RODTIBE  LOCAL  VARIABLES 
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STROCTPRE  DOEINOVBL 


GROO?  coar se_screen 


PTR  RXTXC 

plt  Run 
PLT  TLD 

pit  xl 
plt  mi 

>LT  XMIN 
PLT  XPR  (9) 
PLT  XO 

ILI  n 
plt  mx 

PIT  THIR 
PIT  T  P  R  (9) 
PIT  T9 
PLT  7,1 

rn  zsxx 

PIT  ZJIIS 

FIT  ZPH(5) 
PLT  ZO 


Cob-iect  AC  being  examined  on  X-EX-list  by  doeino  logic> 

Caax  horix  range  traversed  by  Intruder  daring  doaino  interval) 

<eax  detection  threshold) 

clover  Halt  of  X  direction  search) 

Csubject  xc  sax  X  during  doaino  search  interval) 

Csubject  AC  ain  X  during  doaino  search  interval) 

<doaino  coarse  screen  projection  of  subject  XC) 

Cupper  limit  of  X  direction  search) 

Closer  limit  of  T  direction  search) 

Csublect  XC  sax  X  during  doaino  search  interval) 

Csubject  XC  ain  T  during  doaino  search  interval) 

Cdoaino  coarse  screen  projections  of  subject  XC) 

Cupper  limit  of  T  direction  search) 

Clover  limit  of  Z  direction  search) 

Cupper  vertical  extent  of  subject  XC  during  doaino 
search  interval) 

Clover  vertical  extent  of  subject  XC  daring  doaino 
search  interval) 

Cdoaino  coarse  screen  projections  of  subject  XC) 

Cupper  liait  of  Z  direction  search) 
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GFODP  defection 


112 

ATRZ 

PIT 

DAIT 

BIT 

DCSDPIG 

PIT 

DDOT  (4) 

PIT 

DDSQ 

m 

DENAT 

PIT 

0RANGE2 

PIT 

DRZ 

PIT 

DTH 

PIT 

DTP 

PIT 

DVRZ 

1ST 

INPAZ2 

I  NT 

RAX V  ALOE 

III 

NtJKPHA 

111 

PHEQ 

1NT 

PRCONT 

III 

ZRX 

PNOSTBOCTDRt: 


STPPCTOPE  DR  A  TLB 
SPOPP  thresholds 
PIT  DAP 
PIT  DRCBD2 
PIT  DTCBDH 
PIT  DTCBDT 
EBDSTBDCTORE: 


(absolute  value  of  relative  vertical  velocity) 

<current  altitude  separation) 

<C8DPIG  for  doaino  detection  logic) 

<do«ino  detection  DOT  values) 

<sodified  hori2ontal  tau  distance) 

<encounter  area  type  used  in  doaino  logic) 

<range> 

<vertical  velocity  difference) 

(horizontal  tau) 

<vertical  tau) 

<vertical  velocity  difference) 

<nuaber  of  AC  in  final  approach  zone) 

<value  of  features  for  PADS  with  all  absolute  features  favored) 
<nuaber  of  RADS  tied  vith  highest  value  of  features  favored) 
<nuaber  of  AC  to  be  aaneuvered  in  doaino  pair) 

<controlled  status  for  doaino  pair) 

<naz  vertical  distance  traversed  by  intruder  at 
velocity  CSCSBSN.ZPAST  during  doaino  interval) 


(current  altitude  separation  threshold  for  giving  RAs) 
(current  range  separation  threshold  for  giving  RAs) 
(horizontal  tau  threshold  for  giving  RAs) 

(vertical  tau  threshold  for  giving  RAs) 
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STRUCTURE  RIDS 


GROUP  pointers 
PTR  RXT1DV 

GROUP  advisory _coeponanta 
IRT  HI 
1ST  H2 
XHT  VI 
IRT  V2 

GBO UP  read-only_flags 
BIT  CHDSO_CHDED 
BIT  CHDSD_URC9DED 
BIT  HORIT 
BIT  SIHGLE 
BIT  URC!1DED_CHDED 
BIT  VERT 

GROUP  r  ea  d/*r ite_f lag  a 
BIT  BELOHIOOO 
BIT  REGATI VE 

GROUP  sep_eatrix_indices 
IRT  IHDSX1 
IRT  IRDEX2 
IRT  IRDEX3 
PTH  H1TPTR 


<R#jolgt ion  idvieory  Data  Structure . 

<R«far  to  Table  13-»  in  text  for  Initial  valaaa> 
<40  of  than*  data  atraotaraa  ara  naadad> 


<n«xt  1103  in  llat> 


<horixontal  coaponant  of  1C  I'a  raa  adv> 
<horlxontal  coaponant  of  1C  2' a  caa  adv> 
<varticai  coaponant  of  1C  i'a  raa  adv> 
<vartical  coaponant  of  1C  2* a  raa  adv> 


<adviaory  aat  aananvara  both  1C> 

<adriaory  ant  aananvara  firat  1C  in  palr> 
<adviaory  in  horlt  dlaanaion  than  trua> 
<advisory  la  ona  dlaanaion  only  vhan  traa> 
<adviaory  aananvara  aacond  ic  in  palr> 
<advisoy  in  vartical  dlaanaion  vhan  trua> 


tdeecend  raa  adv  anat  ba  changed  to  nagatlva> 
tnagativa  raa  adv  provlda  anffldant  separation) 


<PSBP  8  hsd  index  for  firat  1C  a  horlsontal  advlaory> 
<PSEP  8  HRD  index  for  eacond  iC'e  horlxontal  advleory> 
<PSEP  8  vrd  index  for  vartical  leval> 

<polnter  to  aaparation  eatricaa  to  ba  need  with 
thla  raaolntlon  advisory  set> 


PESOLOTIOR  IDVXSOIISS  BVUUITIOR  ROUTXM  tOClt  VIRXIBIES 


GBOOP  other-info 
HT  DOB  VULUE 

BI*’*  PEB'rBITS (25) 
HIT  TU.OS 

SEDSTBOCTOSP: 


BESOLOTIOB 


Ccoaputed  value  of  this  advisory's  features  down  to 
doeino  features) 

<one  bit  for  each  of  25  features) 

<coaputed  relative  value  of  this  advisory's  features) 
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STBOCTOBE  SAPP_*ABlf  Resolution  Advisor;  Projected  Position  Tabl«> 


GBOOP  positions 

m  xo,*) 


112  T(3,») 
211  X  (5,4) 


GBOOP  Velocities 
212  «M3,*) 
in  TD(3.4) 
Ill  B0(5,4) 


<  (aaneuver,  scan) 

(CS,  Tt,  TB: 

CTIHB  ♦  DBLAT  ♦  SC AIT.  CTIBS  ♦  DBLAT  ♦  2  *  SCAIT, 

CTI8I  ♦  Dll  AT  ♦  3  •  SCAIT,  CTIHB  ♦  DBLAT  ♦  4  *  SCAIT)  > 

< (CTT,  CL,  DBS,  DDES  or  IDES,  DCL  or  LCL; 

CTIHB  ♦  DBLAT  ♦  SCABT,  CTIHB  ♦  2  •  SCAIT, 

CTIHB  ♦  DBLAT  ♦  3  •  SCAIT,  CTIHB  ♦  DBLAT  ♦  4  *  SCAIT) > 

< (aaasavsr,  scan) > 


<»«■  PI BDICTBD  SEPAB ATIOI  HATBICBS  ••*> 

stboctopb  PSHAT  <  aay  a««d  tso  structures  for  each  AC  la  the 

subject  conflict  palr> 

3B0DP  alnlauas 

PIT  HSD2 (3, 3)  <  Horizontal  alas  distances  squared  > 

212  PSBP2 (3,3,3)  <  3-D  alas  distances  squared,  vertical  weighted  > 

PL 2  VIDA  (3)  <  Vertical  ainiaua  separation  values  > 

PIT  THD8 (3)  <  Vertical  cospoaeats  of  PSBP2  for  'straight*  paths  > 

GBOOP  snapshot 

Plf  QSBP2 (3,3,3)  <  3-D  separation  values  QTIBE  seconds  after  delay  > 

BBDSTBOCTOU: 

-  IBSOlOTIOl  advisobibs  BVALOATIOI  BOOTHE  LOCAL  V1BIABLSS  - 
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strdctobe  poc_list 

gboop  pointer 
PTB  IBTBAC 
PTR  RXTIBTH 

GBOOP  res_adv 

irr  cli bb 

IBT  DCLTMB 

IMT  DDESC 

I1IT  DESC 

1ST  DLEETDBIGHT 

IBT  LEFT 

IBT  LSFTCLI MB 

TBT  LEFTDESC 

IB*r  BIGHT 

IBT  HIGHTCLIHB 

IBT  RIGHTDESC 

GBOOP  detection 
151  TRAT 

IBT  MOLT 

EBPSTBOCTORE: 


BBSOLOTIOS 


Potential  Doaino  Conflict  list  eleaent) 
<one  entry  for  each  donlno  object  AC) 


<pointer  to  state  vector  of  this  PDC  aircraft) 
<pointer  to  next  eleeent  in  this  PDC  list) 

Cthree  states:  IROTTST,  SBODOHC,  SDOHC) 

<cliab  res  adv) 

<don' t  clisb  or  lisit  cliab  res  adv) 

<don't  descend  or  lisit  descend  res  adv) 
<descend  res  adv) 

<don*t  torn  left  and/or  don't  tarn  right) 

<turn  left  res  adv) 

<left,  clisb  advisory) 

<left,  descend  advisory) 

<torn  right  res  adv) 

<right,  clisb  advisory) 

<right,  descend  advisory) 


<area  type  this  encounter  is  in  based  on 
current  position  of  both  IC> 

<nueber  of  AC  in  conflict  cluster,  including  this  to 
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I 


STROCTORE  PRADSVVBL  <Potential  desolation  Advisor;  Dosino  Status  Variables 

for  subject  AC> 


GROOP  ad 
1ST  CLHB 
1HT  DSC 
1ST  1ST 
1ST  LPTCLBB 
1ST  LPTOSC 
1ST  SCtHB 
1ST  SOSC 
1ST  SLPTBRGT 
1ST  BG"' 

1ST  RGTCLHB 
1ST  RGTDSC 


<f our  possible  states:  SROPRA,  JDOflRP,  SDOHCIC,  SDORCO 
<clieb  res  adv> 

<descend  res  adv> 

<tutn  left  res  adv  > 

<turn  left,  clieb  res  adv> 

<turn  left,  descend  res  adv> 

<don't  clisb  or  liait  cliib  res  adv> 

<don*t  descend  or  liait  descend  res  adv> 

<don't  turn  left  or  don't  turn  right> 

<turn  right  res  adv> 

<turn  right,  cliab  res  adv> 

<turn  right,  descend  res  adv> 


GROOP  ac2 

USB  PBADSWBL.ad 


espsTSaSiSi;: 


RESOLOTIOS  ADVISORIES  EVALOATIOS  SOOTISB  LOCAL  VARIABLES 


K 


i 


V 


<***  VARIABLES  USED  III  PSEP  MODELING  OF  AIRCRAFT  **•> 


STRUCTURE  IIO0VBL 


GROUP  aiscellaneous 


FLT  HANTS 

< 

Maneuver 

GROUP  relative 

geoaetry 

FLT  RX 

< 

Relative 

FIT  NT 

< 

Relative 

FLT  RZ 

< 

Relative 

FLT  VRX 

< 

Relative 

FLT  TRY 

< 

Relative 

FLT  VRZ 

< 

Relative 

FLT  V52 

< 

Magnitude 

FLT  DOT 

< 

Separate 

tiae  > 

I-position  > 

Y-position  > 

Z-position  > 

X-velocity  > 

Y-velocity  > 

Z-  velocity  > 

>  squared  of  relative  velocity  > 
in  *  rate-of-change  of  separation  > 


END STRUCTURE; 


STRUCTURE  RATE 


GROUP  aci 
FLT  CLM 
FLT  DBS 
FLT  DCLS 
FLT  DDES 
FLT  ZDFD 
FLT  ZDFM  (3) 


<  *Clisb'  rate  to  be  achieved  > 

<  'Descend'  rate  to  be  achieved  > 

<  'Don't  cliab'  rate  to  be  achieved  > 

<  'Don't  descend*  rate  to  be  achieved  > 

<  Final  rate  to  be  achieved  dvrlng  delay  period  > 

<  Final  rate  for  each  level  daring  saneaver  period  > 


SS23Z  »c2 

LINE  RATE. aci 


EIDSTH JCTPB  S: 


RESOLUTION  ADVISORIES  EVALUATION  ROUTINE  LOCAL  VARIABLES 


<***  WARIABtBS  0 SB D  IS  PSEP  R0DE1ISG  OP  AIRCRAFT  •»»> 


STBOCTORB  PATH 

GBOOP  acl 

BIT  RODBL (3)  <  Indicates  whether  each  path  will  be  aodeled  > 

GROOP  ac2 

LIKE  PATH. acl 

ESPSTROCTOBE; 

STROCTORB  TORCOS  <  Torn  constants  > 

GROOP  ad 
FIT  SA 
PIT  CA 

m  » 

UtZ  b 


LIKE  TORCOH.ad 


stroctqr;  pretioos 


GROOP  adwisorles 
1ST  PHRA1 
111  PfRAI 
1ST  PHRA2 
Ill  PfRA2 


<  Prewioas  horizontal  RA  tor  aircraft  1  > 

<  Prewioas  wertical  RA  for  aircraft  1  > 

<  Prewious  horizontal  RA  for  aircraft  2  > 

<  Prewioas  wertical  RA  for  aircraft  2  > 


BSPSTBOCTORI: 
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•Vti  f  \  . 


<***  variables  USED  is  PS2P  booeiihg 


or  DEtAY  PERIOD  ***> 


stboctdre  delgeoh  <  Delay  ge0Mtry  > 


GBOPP  hot 1 

nr  x 

FIT  Y 
FIT  XD 

nr  td 


<  Horizontal  for  aircraft  1  > 


GBOPP  hor 2 

life  delgeon. hor 1 


<  Horizontal  for  aircraft  2  > 


GROCTP  ver 1 

fTT  1 

JVT  ZD 


Mrs  dplgeoh. ver 1 


<  Vertical  for  aircraft  t  > 


<  Vertical  for  aircraft  2  > 


G POPP  ainsep 
FIT  PS5P2I 
A!  HHD2I 
FIT  VHDAI 
nr  VHDBI 

BBD5TB0CT0B1>; 


<  Initial  value  for  PSEP2  > 

<  Initial  value  for  BHD2  > 

<  Initial  value  for  Vhda  > 

<  Initial  value  for  VHDB  > 


RESOLOTIOB  ADVISORIES  EVALOATIOB 


ROOTIES  LOCAL  VARIABLES 


<**•  VARIABLES  OSBD  18  PSSP  HODELIRG  OP  HABEDVER  PERIOD  ***> 

STBOCTORE  HABGEOH  <  Haneuver  geometry  > 

GBOPP  hor1(3)  <  Horizontal  paths  for  aircraft  1  > 

Ill  I 

nr  r 

FIT  XD 

nr  td 

GROOP  hor 2  (3)  <  Horizontal  paths  for  aircraft  2  > 

LIFE  HAMGBON. hor 1 

GROOP  perl  (3)  <  Vertical  lepels  for  aircraft  1  > 

Ill  * 

FIT  ED 

opODP  per2(3)  <  vertical  levels  for  aircraft  2  > 

LIRE  HAHGEOH.verl 

GROOP  separation  <  Current  separation  aatrices  > 

FIT  C0RP2(3,3,3) 

FLT  C0RR2  (3 , 3) 

FLT  C0RV(3) 

SHDSTPOCa-ORE: 


RES01UTI08  ADVISORIES  BTALOATIOB  ROOTI8E  LOCAL  VARIABLES 
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<***  VARI ABIES  USED  IM  MEGATIEE  EERTICAL  RESOtOTIOH  ADEISORT  MODBtIHG  **•> 


STRUCTURE  MEGEOM 


GROUP  ver 

FIT  2  <  Modeled  altitude  of  aircraft  > 

E1T  20  <  Modeled  vertical  rate  of  aircraft  > 


GBOOP  prevert 
IMT  TRAP 


<  PreTious  vertical  RA  for  aircraft  > 


EMDSTBPCTURB: 


RESOtOTIOH  IDEISORIES  EEAtUATIOH  ROUTIHE  tOCAt  TARIABLES 
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SOOTHE  BESOLOTIOH_»DVISOBIES_EVALa»TIOH_BOOTIBE 

18  (encounter  list  entry,  pair  record,  altitude  separation  threshold, 
single/doable  dimension  flag,  calling  roatine  flag) 

OPT  (pointer  to  selected  set  of  resolution  advisories)  ; 

<Select  a  set  of  resolution  advisories  for  a  conflict  pair,  identified 
in  an  encounter  list  entry.  This  is  done  by  first  deteraining  a  list 
of  potential  resolution  advisories  based  on  vhich  aircraft  are  aaneuvered. 

One  set  of  advisories  is  chosen  to  resolve  the  pair  froa  the  list  of 
potential  advisories.  Each  advisory  set  is  aodeled  and  the  predicted 
separation  is  calculated.  The  resolution  advisory  set  chosen  aust  aeet 
certain  ainiaua  criteria  to  be  selected.  If  no  advisory  sets  aeet 
the  aiaiaua  criteria,  then  a  null  pointer  is  returned  to  the  calling 
roatine. 

This  routine  is  refered  to  as  BftEB  throughout  the  pseudocode. > 

PEBfOBH  aaneuverlng_»C_detetaination: 

PEBFOBH  potential_resolution_advisory_sets_selection; 

C1E1B  all  fields  in  tvo  Besolution  idvisory  Projected  Position  tables; 

CULL  PSEP_BITBH_GEHEB»TOB; 

PEBPOBH  potential_resolution_advisory_sets_culling ; 

IP  (no  potential  resolution  advisory  sets  have  all  absolute  features  set) 

THEB  PEBPOBH  aulti_ic_resolution: 

SlSSs 

(aore  than  one  resolution  advisory  set  has  all  absolute  features  set) 
irn  mroBn  final_resolution_advisory_se lection; 

ELSBIP  (one  resolution  advisory  aet  has  all  absolute  features  set) 
xiu  m  PS EP_aodel_validation_values_saved; 

0THEBWI3B:  <not  able  to  select  BIDS  for  the  conflict  pair> 

EBP  PESOtPTIOI_»OVISOSIES_EV»LO»TI08_BOPTI8E; 

-  BESOIOTIOB  8DVISOBIES  EV1L01TI0*  BOOTI8E  HIGH-LEVEL  LOGIC  - - 

ffiscnawo  pagb  buk-not  filhbo 
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BOOTI BE  RESOLOTIO!l_lDyiSOBIES_ETALOATIOR_BOOTI!IB 
X3  (ELERTBY,  PBEC,  ilSEP.  SAG  DIR ,  BBACAP) 

OPT  (RADSPTR)  ; 

PEBroBB  eanea»erlng_AC_detereination; 

PEBEOBB  po ten tial_resolntion_adTisory_sets_se lection; 

CLEAR  all  fields  in  BAPP  tables  pointed  to  by  RAPP1  and  RAPP2; 
CALL  PSEP_BATBI X_GEB  EBATOR 

XB  (ACID1,  ACID2,  RSPND1,  RSPSD2,  YERTRA1,  TEPTRA2) 

OPT  (BADS.  B ATPTB  ,  RAPP1,  RAPP2J  ; 

PEBEOBB  potential_resolotion_ad»isory_sets_cnlling ; 

IT  (BPRAABS  S2  0) 

THEM  PEP.POBB  ault i_AC_resolntion ; 

ELSE; 

ZZ  (SPBAABS  ST  1) 

T3EB  PEBEOBB  f inal_resolation_ad»isory_selection; 

ELSEIE  (IPRAABS  Efi  1)  ; 

THEB  PEBEOBB  PSEP_eodel_Talidatlon_Talaes_saTed ; 

OTHESAI SB :  <not  able  to  select  RADS  for  the  conflict  pair> 

EBP  RESOLOTIOA_ADYISOaiES_EYAlDATIOH_SODTIAE; 


BESOLDTI OR  ADTISORIES  Bf ALO ATIOi  ROOTIBE  LOt-LETEL  LOGIC 


PROCESS  aaoeo7ering_AC_deternination; 

<This  process  deteraines  which  aircraft  should  receive  a 
resolution  advisory  (be  aaneuwered)  . > 

Cli>8  aaneuverlng  flags; 
loop; 

Set  next  AC  of  subject  pair; 

EKITIP  (done  both  aircraft)  ; 

IP  (RASP  called  froa  Raster  Resolution  Task) 

THEE  IP  ((AC  is  ATARS  equipped)  AJI£ 

((AC  is  uncontrolled)  (pair  record  flag 
indicates  controlled  AC  needs  a  resolution  advisory))) 
THEE  SET  aaneuverlng  flag; 

SSE; 

<A  pair  record  aay  not  exist  if  RAER  is  called  froa  Conflict 
Resolution  Data  Task.> 

ELSE  II  ((AC  is  ATARS  equipped)  44D  ((AC  is  uncontrolled) . 

(detection  flag  indicates  controlled  AC  should 

receive  a  resolution  advisory)  2B  (either  AC 

is  in  a  conflict  receiving  resolution  advisories))) 

THEE  SET  aaneuverlng  flag; 

ELSE: 

EEDLOOP : 

IP  (first  AC  is  in  final  approach  zone) 

THEE  If  (second  AC  is  aaneuvered) 

THEE  CLEAR  aaneuverlng  flag  for  first  AC; 

ELSE: 

ELSEIP  (second  AC  is  in  final  approach  zone) 

TH EH  IP  (first  AC  is  aaneuvered) 

THEE  CLEAR  aaneuverlng  flag  for  second  AC; 

ELSE: 

OTHERWISE: 

EED  aaneuvering_AC_deteraination; 

- -  RESOIUTIOH  ADVISORIES  BVALOATIOH  ROOTIES  HIGH-LEVEL  LOGIC  - - - — 
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PROCESS  «aneuFering_AC_4eteriination; 

RSPHD1  *  S'ALSE; 

RSPND2  «  JFALSE; 

LOOP; 

Gat  next  AC  of  subject  pair; 

EIITIF  (both  AC  processed)  ; 

I?  ( HRHCA?  52  STFOE) 

THEM  IP  ((ACID.ATSEQ  £E  IUMBQ)  AjtD 

((aciu.cuhc  52  f  false)  og  (psbc.  pifr  e 2  jtrub>>> 
THEM  RSPND  «  STROB; 

ELSE: 

ELSE  IF  ( (ACID. ATSBQ  HE  JUNEQ)  ASD 

((ACID.CUNC  Si  SFALSS)  Og 
(  (ELEHTRT.  IFRFLG  SQ  STRUB)  OR 

(ACID1.CTPT5  HE  SHULL)  OR  (ACI32.CTPTR  HE  SHULL)))) 
THEN  RSPHO  =  STRUE: 

else: 

EHDLOOP : 

IF  (ACID1.FAZ  HE  SFAZO) 

THEB  IF  (RSPHD2  52  STRUE) 

THEM  HSPND1  =  SFALSE; 

S1SS; 

ELSEIF  (  ACID2  .  FAZ  fiE  SFAZO) 

TpEH  15  (RSPHD1  52  *T50!) 

THEH  RSPNU2  »  SFALSE; 

USE; 

OTHERHISE; 

EHD  »anenTering_AC_d«ter»ination; 


RESOLUTION  ADVISORIES  EVALUATION  ROUTINE  LON-LEVEL  LOGIC 
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PROCESS  poten tial_re so lution_ad visor y_sets_ select ion ; 

<Select  the  set  of  potential  resolution  advisories  fron  the  aaster 
list  of  RIDS.  The  potential  set  of  advisories  eaneuvers  only  the  first  AC, 
second  AC,  or  both  *C  as  Indicated  bY  the  aaneuvering  flags.  If  both  tc  are 
■aneuvered,  the  direction  of  the  vertical  resolution  advisor;  for  each  hC 
aust  be  determined  and  stored  in  the  RiDS.> 

IF  (both  aircraft  are  to  be  aaneuvered) 

THEE  PEHFORH  two_AC_resolution_logic_vertical_resolution_advisories_ 

selection; 

SET  pointer  to  Resolution  hdvisory  Data  Set  (H&DS)  with  both 
hC  aaneuvered; 

ELSEIF  (first  aircraft  is  aaneuvered) 

THEE  SET  pointer  to  RADS  with  only  first  AC  aaneuvered; 

OTHERWISE  SET  pointer  to  RADS  with  only  second  AC  aaneuvered; 

LOOP: 

Set  next  advisory  froe  list  of  all  possible  advisories; 

EXITIF  (no  aore  advisories) ; 

IF  ((this  advisory  set  contains  a  vertical  coaponent)  AND 
(both  AC  are  aaneuvered)) 

THEE  fill  in  vertical  resolution  advisory  values; 

ELSE: 

IF  (RADS  contains  a  DESCEND  resolution  advisory  that  would 

cause  a  descent  below  terrain  altitude  alert  threshold) 

THEE  SS?  flag  indicating  positive  descend  can  not  be  given; 

Correct  vertical  advisories  in  RADS  for  flag  indicating 
DESCEND  can  not  be  given,  if  so  indicated; 

EHPtOOP: 

END  poten tial_resolution_advisory_sets_selection; 


RBSOIOTIOS  ADVISORIES  EVALUATION  ROUTINE  HIGH-LEVEL  LOGIC 
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PROCESS  potential_resolution_advisory_sets_se lection; 


JF  ( (RSPRD1  Efi  STRDE)  AJTJ  (RSPRD2  ££  ITROB)) 

TREE  PEBFOBH  t*o_AC_resolotion_logic_vert ical_resolotion_advisories_ 

selection; 


RADS  •  BACHRADS; 
FLSEIF  (RSPRD1  ITROE) 

T3ER  RADS  «  FACHRADS; 
OTHERWISE  RADS  «  SACHRADS; 


loop; 

Set  next  advisory  froe  list  of  all  possible  advisories; 
EXITIF  (no  sore  advisories)  : 

I»  (  (TR  ADS.  CHDED_CHDED  Sfl  ITROB)  AJJD  (TRADS.VER?  £2  ITROB)  ) 
THER  TR  ADS- VI  =  VERTS  A 1 ; 

TRADS.V2  »  VERTRA2; 

Use; 

IF  (either  AC  has  a  IDES  AND 

that  AC's  altitade  is  vithin  ATERN  of  terrain) 
THEN  THAOS. BELOWIOOO  =  STROE ; 

Convert  IDES  to  IOCL; 

ELSE; 

ERDLOOP: 


END  poten  tial_resolution_ad  vi so ry_ set s;_s elect  ion ; 


RESOLUTION  ADVISORIES  EVALOATIO*  ROOTIRE  LOW-LEVEL  LOGIC 
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PROCESS  potential_resolution_advisory_sets_culling; 

<Deteraine  if  the  negative  sense  of  any  of  the  advisory  sets  is  sufficient. 

If  any  negative  vertical  advisories  are  sufficient,  check  for  Vertical  Speed 
Limit  advisories  being  sufficient.  Eliminate  any  advisories  that 
do  not  aeet  the  ainiana  criteria  for  selection.  Keep  a  count  of  those 
RADS  that  do  aeet  the  aiaiaua  set  of  criteria.  Keep  a  pointer  to  the 
advisories  that  aeet  the  ainiaua  criteria. > 

CLEAR  pointer  to  selected  resolution  advisory  set; 

CLEAR  counter  of  potential  resolution  advisories  with  all  absolute  features  set; 

100P; 

Get  next  RADS;  <Data  structure  with  potential  advisory) 

EXITIF  (looked  at  every  RADS) ; 

£*  (this  ha  set  is  single  diaension  advisories) 

THEN  PERFORM  negative_resolution_advisory_deteraination; 

£155; 

IF  (negative  vertical  advisories  have  been  coaputed) 

"■HER  CALL  VERTICAL_SPEED_LIHIT_ ADVISOR REVALUATION ; 

ELSE; 

PERFORH  absolute_features_evaluation_two_AC_resolution_def in it  ion; 

XU  (all  absolute  features  set) 

THEN  increment  potential  resolution  advisory  counter; 

IF  (pointer  to  selected  resolution  advisory  set  is  null) 

THEN  SET  pointer  to  selected  resolution  advisory  set  to 
point  to  this  resolution  advisory  set; 

ELSE: 

ELSE; 

BNDLOOP; 

END  poten  tial_resolution„l.advisory_sets_culling ; 


RESOLUTION  ADVISORIES  EVALUATION  ROUTINE  HIGH-LEVEL  LOGIC 


13-P3* 


PROCESS  potential_Tesolntion_advisory_sets_calling ; 


RADSPTR  «  SROLL ; 
RPRAABS  -  0; 


LOOP: 

Set  next  RADS;  <Data  Strnctare  with  potential  advisory) 
BXITIf  (looked  at  every  RADS) ; 

If  (TRADS.  STRGLE  JJJ  STRDE) 

T3EB  PERFOR3  negative_resolotion_advisory_deteraination; 
ELSE; 

If  ( (TRADS. REGATIVE  STRO!)  IfD  (TRADS.  VERT  STROB)) 

THER  CALL  VERTTCAL_SPEED_LIBIT_ADVISORT_EV  ALOATIOR 
If  (TRADS,  ACID1,  ACID2,  PSBC) 

IRODT  (TRADS.  VI,  TRADS. V2) ; 

ELSE; 

PERfQBR  absolute_features_e valnation_tvo_AC_resolution_def inition 
If  ( (TRADS.  PEATBITS(I)  f2  JTHOE)  Affi  (TRADS. RRATBITS(2)  Efl  RTROE) 
ARP  (TRADS. EEATBITS(3)  Efi  STRDB) ) 

T3ER  RPRAABS  »  RPRAABS  ♦  1; 

If  (RADSPTR  J2  SROLL) 

Xflff  RADSPTR  «  TRADS; 

ELSE; 

ELSE; 

Sma3£: 

EBP  potential_re801atlon_advlsory_set8_colling; 


RESOLOTIOR  ADVISORIES  EVALOATIOR  RODTIHS  LOR-IBVEL  LOGIC 


PROCESS  aolti_AC_resolution; 


<This  process  is  called  if  no  advisor;  sets  aeet  the  sinisas  criteria  for 
selection.  The  aulti-AC  logic  deteraines  additional  sets  of  advisories 
froe  vhich  a  final  set  aay  be  selected. 

Do  not  perfora  the  aulti_AC  logic  if  BASS  is  called  by  the  Conflict 
Resolution  Data  Task.  This  is  accoaplished  by  setting  the  deliverable 
feature  in  this  process  for  all  resolution  advisory  sets.  The  other 
tvo  absolute  features  hare  already  been  set.> 


IP  (RAER  called  froa  Conflict  Resolution  Data  Task) 

THER  SET  deliverable  feature  in  all  RADS; 

Count  the  nuaber  of  resolution  Advisory  Data  Sets  vith  all 
absolute  features  set; 

ELSE  PERFQBW  resolution_advisory_coapatibility_vith_eristing_conflicts; 


IP  (any  potential  resolution  advisories  have  all  absolute  features  set) 

THER:  <return  to  coaplete  evaluation  of  the  features. > 

ELSE  l£  (both  AC  aaneuvered) 

THER  PERFORM  aulti_AC_conf lict_possible_resolution_advisories; 
IF  (any  nev  potential  resolution  advisory  sets  exits) 

THER  PERPOHH  aulti_AC_resolution_logic_advisories_ 

calculations; 


ELSE: 


1151; 


ERD  aulti_AC_resolution; 


RESOLOTIOH  ADVISORIES  SVALQ1TI0B  BOOTIES  HIGH-LEVEL  LOGIC 
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PROCESS  ■al*l_»C_resolatioo: 


II  (SRHC AP  Efl  STALSE) 

THBR  LOOP; 

Get  nest  RIDS; 

EIIT1P  (no  aore  RADS) ; 

TRIOS. PEATBITS  ( 1)  «  STRDE; 

RPRAABS  »  RPHAABS  ♦  1; 

BBPIOOP; 

EtSE  PEP FORI  resolntion_aa»i3ory_coapatibility_with_existing_confllcts; 

II  (RPRAABS  S£ 

tHER;  <return  to  complete  evaluation  of  the  features.) 

ELSE  II  ( (RSPEDl  E2  STBOE)  4WD  (RSPRD2  22  STROE)) 

THSW  PERPORR  anlti_AC_conf lict_possible_resolution_aavisories; 
PEBPOBH  ■ulti_AC_resolntion_logic_aarlsorles_calcnlations; 

ELSE; 

EBP  anltl_AC_resolntlon; 


RESOttJTIOR  ADfISORIES  ETAtOATIOR  ROOTIBE  LOt-LBtRL  tOOIC  - 
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PB0CB3S  f  lnal_raaolutlon_advlaory_-aelaction; 

<Salact  tha  Mt  of  raaolatlon  adziaoriaa  to  ba  glvan  to  tha  conflict 
pale  froa  aaong  tha  aat  of  adzlaorlaa  *ltn  all  tba  abaolata  faataraa  aat. 

Thia  la  dona  by  flrat  evaluating  tba  relative  faataraa  (azeapt  doaialo)  for 
all  tha  potantlal  raaolatlon  adviaory  aata.  If  aora  than  ona  adviaory  aat  la 
tlad  for  aelection,  baaad  on  tha  faataraa  vlth  higher  veighta  than  tha  doalno 
faatora,  than  evaluate  tha  doalno  faatnra.  If  tha  tla  la  atlll  not  broken, 
evaluate  tha  tla  braakar  faataraa. > 

EBUrOBB  relative_featnrea_eval nation  5 

PBBPOBB  higheet_valaed_potentlal_raaolatlon>advl8ory_8ete_coont: 

IP  (aora  than  ona  potantlal  raaolatlon  adviaory  aat  la  tlad  for  highaat 
▼alna  of  ita  faataraa) 

TBEB  12  (BkBB  callad  fron  Baatar  Baaolation  Taak) 

TBBB  PBBPOBB  faature_.doalno_loglc; 

PBBPOBB  hlghaat_»alnad-potantial-raaolatlon_adTlaory_ 

•  jaata_count) 

813  B: 

IP  (aora  than  ona  potantlal  raaolatlon  adviaory  aat  la  tlad  for 
tha  highaat  valae) 

XUI  PBRfOBB  tie_breaker_featnrea_evaloation} 

8138; 

subs 


PBBPOBB  PSBP_aodal_Talldation_Talaaa_aaTad; 

m  fiaal_reaolation_advteory_8electlon; 


— —  BBSOIOTIOB  10TISOBI83  EVhUJBTIOi  100TIB8  HIOH-LETEL  108IC  - - - 


13-P38 


I 


PROCESS  final_resolution_advisory_se lection; 


PBRFOBB  relative_features_evaluatioD ; 

PERfobb  highe8t_val«ed_potential_tesolatloo_advisory_sets_coant ; 


I?  (HOBPRi  21  1) 

THU  IT  (HRHCRP  E£  ITROE) 

THE8  PBRFOBB  f eatnre_doaino^logic : 

PBRBOR  B  highest..  value_  potent  la  l_re  sola  tion_ad  visor  y_ 

3ets_count; 

ELSE: 

l?  (MOBPRh  S2  1) 

THEM  PERFOBB  tie_brea ker_features_e valuation : 

ILSJ5: 


E15E; 


PERFORB  PSEP_aodel_validation_valnes_saved: 


EBP  final_cesolution_advisory_selection; 


RBSOLOTIOB  ADVISORIES  ETALOATIOR  BOOTIBE  IOW-IETEL  LOSIC 


13-P39 


PROCESS  PSIP_nodel_validation_Talues_saTed : 

<3im  each  1C*  torn  status  and  the  relatire  vertical  Telocity.  This  data  will 
be  need  on  succeeding  scans  to  determine  if  the  conditions  change  in  such  a  way 
that  resolution  advisories  should  be  recalculated. > 

If  (HtBR  called  froa  the  (taster  Resolution  Task) 

TUBS  cut!  'PSSP  aodel  validation  perforaed'  flag  in  pair  record; 

Save  tarn  status  of  each  kc  in  pair  record; 

Savs  vortical  velocity  difference  in  pair  record; 

Sava  current  tisa  in  pair  record; 

IH|i 

g SP  PSRP_BOdel_volldation_values_saved; 


8ESOLOTIOI  1DV1S0IIZS  ITItORTIOR  BOOTHE  SIGH-LEVEL  LOGIC 


13-PKO 


PROCESS  PSEP_»odel_*alidatlon_»aloes_ saved; 


IF  <HR*C»P  STROE) 

THE*  PREC. HTDOHE  »  1P4LSS; 

PREC.HTR4IT  ■  SYSTHR.CTIHE; 

PBEC.  HT  VRZ  ■  1CID2.  ZD  -  RCID1.ZD; 
PSEC.acl.HTT  «  XCID1.T0RR; 
PHEC.ac2.HTT  *  HCID2. TORS ; 

ELSE: 


ESP  PSEP_aodel_valida»ion_»alnes_saTed; 


RESOLOTTO*  IDTISORISS  BTHtOATIO*  8O0TIHE  LOW-LSTEL  LOGIC 


13-pai 


PROCESS  absolute_features_evaluat ion_two_AC_resolution_definition ; 

<Evaluate  the  three  absolute  features.  Evaluate  the  tvo-AC  resolution  logic 
definition  of  the  aaneuvered_unaaneavered  conflict  feature.  If  BIBB  is 
called  by  the  Conflict  Besolation  Data  Task,  evaluate  only  the  deliverable 
feature;  the  other  two  absolute  features  are  set  autoiatically. > 

PERFORM  f eature_deliverable; 

IF  (RAER  called  from  Master  Resolution) 

THEM  PERFORM  feature_diaension_available; 

PERFORM  feature_naneuvered_unaaneuvered_conflict_two_AC_definition 
RISE  SET  diaension  available  feature: 

SET  aaneuvered_unaaneuvered  feature; 

BMP  absolute_f eatures_eva luation_t vo_AC_resolution_definition ; 


RESOLUTION  AD?ISORIBS  ST ALOATIOM  ROOTIRB  HIGH-LBTEL  LOGIC 


13-PU2 


PROCESS  absolute_features_e7aluation_tvo_AC_r«solatlon_dafinltion; 

PEBPORH  f eature_deli»«rabla; 

IP  ( HR RC A P  Sfi  STROP) 

THPB  PPBPORH  featara_diaension_avallabla; 

PERPORH  fea+are_«anea»ered_anaanaa»»r*d_coDf  lict_t»o_AC_def  initlon 
ELSE  TRADS.PSATBITS(2)  »  STSOE; 

TR ADS. PEATBITS (3)  -  STROP; 

EBP  absolu*e_?eature6_e»alaation_tiio_AC_rasolati.on_d«finitlon ; 


HESOttJTIOH  ADTISORIES  ESALOATIOI  ROOT  I  HE  LOH-IETEI.  LOGIC 


13-PA3 


PBOCESS  absolute_features_evaluatlon_aulti_»C_resolutlon_deflnition; 

<Evaluate  t he  three  absolate  features  for  the  additional  potential  resolution 
advisory  sets  deterained  by  the  anlti-lC  resolution  logic.  Ose  the  nnlti-hC 
resolution  logic  definition  of  the  Maeaverded_anaeneavered  conflict  feature. > 

PEBPOBB  f eature_deliverable; 

PEBPOBB  feature_diaenslon_avallables 

PBBPOBa  feature_naneuvered_unnaneuvered_conf lict_nulti_*C_def initlon; 

EBP  absolute_features_evaluation_nolti_»C_resolntion_def inition; 


BESOLOTIOB  hOTISOBIBS  ETlLOtTIO*  BOOTHE  BIGH-LEVEL  LOGIC 


PROCESS  ab30late_featnres_e*alnation_iulti_lC_resolution_def inition: 

PEBPOBH  featare_delirarable; 

PBBPORH  fea-tnre_dla«asion_availabl«; 

PERPORB  feature_nan«OTered_uniannuT*r*d_conflict_nalti_JkC_def  inition 

EBP  absolata_feataras_aTalaatlon_nalti_lC_r«solation_dafinltion : 


BESOL0TIOB  IDVI30IXES  ETM.0BTIOI  BOOTHE  LOI-IEVEL  IOOIC  - 


13-PB5 


PROCESS  doaino_coarse_detection_checks; 

<Perfora  cotrM  detection  chacks  to  deteraine  if  the  aircraft  aay  be  in 
conflict.  If  they  nay,  than  tha  detailed  detection  checks  anst  be  perforaed. 
The  vertical  diaension  check  is  linear.  Therefore,  the  vertical  coarse 
detection  check  can  be  parforaad  fron  the  first  doaino  projected  position. 

Tha  horizontal  diaension  check  ia  linear  only  if  no  positive  horizontal 
resolution  advisory  is  being  exaained.  Ill  calculations  are  froa  the  doaino 
projected  positions  in  the  R1PP  table  and  DOPP  section  of  the  state  vector. > 

CIBkB  doaino  resolution  advisory  flag; 

PEBF08H  doa ino_coarsa_det act ion_ vert ical.d iaen  sion.check s ; 

iy  (vertical  conflict  possible) 

THER  Cl BIB  doaino  resolution  advisory  flag; 
sms  all  doaino  DOT  variables; 

LOOP; 

Get  next  doaino  projected  position; 

ESMflU  doaino  _coarse_detection_horizontal_dinension_checks; 
EIITIF  (all  projected  positions  processed  2fi  doaino  conflict  possible 
SS  horizontal  resolution  advisory  is  linear) ; 

maaatt 


ms; 


BUD  donlno_coarae_detections_checks; 


RESOLOTIOV  tOTISORIBS  EV1101TZ0I  ROOTIRE  HIGS-LBVBL  LOGIC 


13-P*6 


PROCSSS  doaino_coarse_detect  ion_checlt s; 

OCRDPLG  =  SPALSE; 

PEHFORH  doaino_coarse_detection_pertical_diaensioo_checlcs; 

JR  (OCRDPLG  E£  STROP) 

THEM  OCRDPLG  =  SPALSE; 

ODOT  (*)  =  SOHTAO; 

LOOP: 

Get  next  doaino  projected  position; 

PERFORH  doaino_coarse_detection_horizontal_di*ension_checks: 
SXXTIF  ((checked  all  doaino  projected  positions)  OR 

(possible  doaino  conflict  has  already  been  detected)  OB 
(TRADS.H0RI2  Efl  SPALSE)  OR  (TB  ADS.  HSGATI VE  EO  STHOE)  )  ; 

SRDLOOP: 


ELSE; 

ESP  doaino_coarse_detections_checks; 


EBSOLOTIOR  ADTISORIES  BVALOATXOR  ROOTIRE  LOB-LEVEL  LOGIC 


13-PA7 


PROCESS  doaino_coarse_detection_hor izontal_diaension_checks; 

<Perfora  coarse  detection  checks  in  the  horizontal  dimension.  1  conflict  is 
possible  if  the  horizontal  tan  threshold  or  if  the  issediate  range  threshold 
will  be  violated  within  the  doaino  projection  interval.  > 

Coapote  DOT; 

Compote  horizontal  tan; 

IX  (zero  IX  horizontal  tau  ix  horizontal  tan  threshold) 

THEH  SET  fl«9  for  possible  conflict; 

ELSE  IP  (AC  are  diverging  horizontally) 

THEE  IP  (AC  currently  within  iaaediate  horizontal 
range  threshold) 

THEH  SET  flag  for  possible  conflict; 

£I££; 

ELSE  coapote  tiae  to  separation  of  iaaediate 
range  threshold; 

IP  (tine  to  threshold  violation  is  within  the  horizontal 
tan  threshold) 

THEH  SET  flag  for  possible  conflict; 

Use: 

BMP  doaino_coarse_detectloD_horizon tal_diaension_checks; 


R  ESOLDTIOH  ADVISORIES  BVALOATIOH  ROOTIHE  HIGH-LEVEL  LOGIC 


13-P*8 


process  rtoni no_coars«_d*t *etion_horrxont»l-dlMo*lon_ch*clt>i 

tit  T»o  <loc»l  con«t»nti  2. 0> 

pit  (Ti,  T2,  dti>  : 

DOOT  =  ( (ACID.  X  -  PDC_LIST.ItTSAC.IPtJ(B)>  • 

(ACIO.IO  -  PDC_LIST.  IETHAC.  XDPB  J  (0)  ) )  ♦ 

((ACTD.T  -  ?DC_LIST.  1HTRAC.  TPB  J  (tl) )  • 

(ACID. TO  -  PDC_LIST. IETHAC. YDPRJ(tt))) ! 

DOSQ  =  DETPARfl. BDET  ♦  (DETPAEH  •  ADBT  *  (ACID.TSQ  ♦  POC_tIIT.HTtAC.tSQ))  I 
DRANGE2  *  (RAPP. I (aubjact  aanaUYar # 1 )  -  PDC_tI3T.XBTBAC.XPtJ (1) ) T*2  ♦ 
(HAPP.T  (aubjact  aananTar.l)  -  PDC_LXST.XBTRAC.tPtJ(1) )  **2| 

DTH  =  -  (DRAHGE2  -  ODSQ)  /  DDOTt 

|T  ((0  II  DTH)  Mfi  (DTH  IT  OTCHDH) ) 

THEE  DCHDFLG  ■  JTHOE; 

ELSE  IP  (DTH  U  0) 

THEB  1Z  (DRAEOS2  U  DBCB92) 

thee  ocaona  »  ithdei 
ELSE: 


^L3E  Tl  -  -  (DRAEGB2  -  DOSQ)  “  9ICB02; 
T2  *  Tl  ♦  (T10  •  DRCH®2)  ! 

DTI  •  HXH(T1/DD0TfT2/DD0T>  ( 

U  (DTI  U  DTCHDH) 

THEE  DCHDPLG  -  *TR0«! 

ELSE: 


BOO  a  oai  n  o_coa  rse_4at  act lon.bor  is  <»n  ta  i_4  i  M  n»i  on_ch  acta ; 


RESOLOTIOE  ADTISORIES  BTAIOATIOE  POOTIEB  LOf-tBttl  LOGIC 


13-PE9 


PBOCESS  doaino_coarse_detection_vertical_diaension_checks: 

<Perforw  coarse  detection  checks  in  the  vertical  diaension.  X  conflict  is 
possible  if  the  vertical  tan  threshold  or  the  iaaediate  altitude  threshold 
will  be  violated  within  the  doaino  projection  interval. > 

Calculate  vertical  tau: 

IP  (vertical  tan  I,T  vertical  tau  threshold  within  next  3  scans) 

THEE  SET  flag  for  possible  conflict: 

ELSE  If  (XC  are  diverging  vertically) 

THEE  If  (1C  within  iaaediate  altitude  separation  threshold) 
THEE  SET  flag  tor  possible  conflict: 

ELSE: 

ELSE  coapute  tiae  to  vertical  separation  of  iaaediate 
altitude  separation  threshold; 

If  (tiae  to  threshold  violation  is  within  3  scans) 

ISIS  151  tlag  for  possible  conflict; 

ELSE: 

EED  doaino_coarse_detection_vertical_diaension_checks; 


H ESOLOTIOE  XD7IS0HXES  ETIUJXTIOE  HOOTINE  HIGH-LEVEL  LOGIC 


PROCSSS  doiino_coarsa_d#tactiOB_Tartlcal_diasnslon_checlcs; 

Ill  (II,  T2,  DTI); 

DR 2  -  RRPP.  2  (subject  aananvar,  1)  -  PDC_LIST.IHTRRC.2PRJ(T)  ; 

DPR2  ■  RRPP. 2D (sab jact  sanaapar,  1)  -  PDC_LIST.IRTRRC.2D; 

DTP  -  -0R2  /  DPR2 ; 

ORLT  »  R8S  (RRPP.  Z  (sabjact  sanaapar.l)  -  PDC_LIST.IRTRRC.ZPRJ{1) ) ; 

II  (DTP  U  0) 

THEB  II  (DRLT  U  DRP) 

THER  DCHDPLG  -  STROE; 

ELSE: 

ELSE  21  »  -DRLT  -  Dap; 

T2  «  -DRLT  ♦  DRP; 

DTI  ■  BIN  (T1/DPB2.T2/DPR2)  ; 

II  (DTI  U  (DOBCRSE  *  SPSTBB. SCRRT))  : 

THER  DCSDP1G  -  STROE: 

HIS: 

EBP  doalno_coarsa_d«t«ction_Tsrtlcal_dissnsion_chacks; 


RESOLOTXOR  aDPISORIBS  EPRIORTIOR  ROOTIRE  LOf-LEPEL  LOGIC 

13-P91 


-r  -Mtpx-  .. 


■'Hr-?. 


PROCESS  domino_coarse_screen ; 

<Calculate  the  Domino  Coarse  Screen  search  Units  for  the  subjec*  aircraft  and 
compile  a  list  ot  those  aircraft  on  the  X-list  and/or  EX-list  within  the 
search  limits.  The  search  limits  consist  of  the  area  cowered  by  the  subject 
AC  during  the  domino  projection  interval  plus  a  buffer  to  allow  for  the  maximum 
area  covered  by  a  donino  object  AC  during  the  domino  projection  interval. > 

PERFORM  potential_resolution_ad visory_stat us_variable_deter Bination ; 

IF  (subject  AC  on  EX-list) 

jL3.ES  SET  maxiaum  detection  threshold  parameter  to  the  appropriate  value; 
PERFORM  donino_search_area_sub ject_AC_calculations; 

PERFORM  EX_list_ob ject_AC_domino_buf fer_ar ea_ca leu lat ions; 

PERFORM  EX_list_doaino_search_liiits_calculations; 

°ERFORH  EX_list_domino_search; 

IF  (subject  AC  within  altitude  range  of  X-list) 

THEM  PERFORM  X_list_ob ject_AC_donino_buffer_area_calculations; 
PERFORM  X_list_domino_search_linits_calculations; 

CALL  X_LIST_STGH?OST_EMTRT_CALCOLA7TOB 
IB  (X  position  of  subject  AC) 

OPT  (signpost  entry) ; 

Ose  signpost  entry  as  subject  AC; 

PERFORM  X_list_donino_search; 

ELSE; 

ELSE  12  (subject  AC  controlled) 

29.22  §22  maximum  threshold  parameter  to  appropriate  IFR  value; 
ELSE  SET  maximum  *breshold  parameter  to  appropriate  VFR  value; 
PERFORM  domino_search_area_sub ject_AC_ca leu  la t ions; 

PERFORM  X_list_ob ject_AC_donino_buf fer_area_calcula+ions; 

PERFORM  X_list_domino_search_linits_calculat ions; 

PERFORM  X_li st_donino_search; 

JJIfi  doiino_coarse_screen; 

-  RFSOLOTIOH  ADVISORIES  EVALOATION  ROOTIBE  HIGH-LEVEL  LOGIC  - 


13-P52 


PROCESS  doaino_coarse_screen; 

PEPPORS  poten tial_resol>jt ion_ad visor y_status_7 aria ble_deter a  in  a t ion ; 

TP  (ACID.2T»LG  12  *TB0E) 

THEN  TLD  =  SAXTLI; 

PEPPORS  doaino_search_area_sub ject_AC_ca lculations; 

PEPPORS  SX_list_ob ject_AC_doaino_buf  f er_area_calcula tions; 

PERFORS  EX_li s+_doaino_search_l iaits_calcu lat ions; 
oEPFOPS  EX_list_doaino_search; 

IP  (ACID. 2  LT  (CSCRBEN.ALO  ♦  SAX  AF) ) 

THEN  PSBFOPS  X_list_ob ject_AC_d oaino_buf f er_area_calcula t ions; 
PEPFOPS  X_list_doaino_sear ch_l iaits_ca leu  la tions; 

CALL  X_LIST_SIGNPOS?_ENTRT_CALCOLATION 
TP  (ACID.  X) 

OOT  (SIGNPOST)  ; 

Use  signpost  entry  as  subject  AC: 

PEPFOPS  X_list_domino_search: 

ELSE; 

ELSE  IF  (ACTD.CONC  Sfi  STROE) 

THEN  TLD  =  SAXTLI; 

ELSE  TLD  =  SAXTL7; 

PEPFOPS  dooi no_search_area_sub ject_AC_calculat ions; 

PEPFOPS  X_li s*_ob dec t_AC_doaino_baffer_area_calca la tions; 

PEPFOPS  X_li st_doaino_search_liaits_calcula* ions; 

PSRFORS  X  list_doaino_search; 


END  doaino_coarse_screen ; 


P  ESOL3TION  ADVISORIES  SVALtJATION  RODTINE  LOP-LEVEL  LOGIC 


V3-P5? 


PROCESS  doaino_coarse_screen_altitude-conf lict_test ; 

<Thi 3  process  checks  for  1C  on  the  X  and/or  EX-list  within  the  Doeino  Coarse 
Screen  altitude  Halts.  If  the  object  1C  has  altitude  data,  then  the  1C  anst 
either  be  within  the  Doslno  Coarse  Screen  altitude  llsits  or,  if  it  has  a 
vertical  velocity  greater  than  the  assused  vertical  velocity,  the  two  1C  eust 
be  co-altitude  within  the  detection  tan  threshold.  If  the  object  1C  does  not 
have  altitude  data,  it  is  considered  within  the  altitude  linits.> 


IE  (nett  1C  has  altitude  data) 

TREE  IF  (next  1C  Z  position  within  Z  search  lisits) 

T8BH  PERFORH  potential_doalno_conflict_llst_entry_addition; 

ELSE  IF  (next  1C  Z  velocity  assused  aaxiaua  Z  velocity) 

THEN  IF  (next  1C  and  subject  1C  will  be  co-altitude 

within  naxinua  detection  threshold) 
THEN  PERFORH  potent ial_do«ino_conf lict_list_ 

entry_addltion; 


V 


L££; 


USE; 

BLSE  IF  (non-aode  C  doalno  processing  flag  is  set) 

THEN  PERFORH  potential_doaino_confllct_list_entry_addltion; 
ELSE; 


END  doaino_coarse_screen_altitnde_conf lict_test ; 


RESOLUTION  1DTIS0RIES  ETIL01TION  ROOTIRE  BIOH-tETBl  tOOIC 


13-P5# 


PROCESS  do»ino_coarse_screen_altitude_confl  idlest ; 


£P  (ACID.  MCFLG  STRUE) 

?HSS  I?  {(ZL  L£  ACID.Z)  ^HD  (ACID.Z  Z  0) ) 

THEM  PERFORM  poten tial_do«i no_con f lict_list_ent ry_addit ion ; 
?LSJ  IP  (ACID. ZD  GT  CSCREEH.ZFAS?) 

THEM  TP  (ACID.  Z  -  SXTAC.  Z)  /  (HJCTAC.  Z  D  -  ACID. ZD)) 
LJ  TLD) 

THEM  PERPOR H  potent ia l_domi no_conf lict_ 


list_entry_addit ion 


ELSE; 


ELSE: 

ELSE  IP  (STSTEM.DOHHOSC  E£  STROE) 

THEM  PERFORM  potentia l_doaino_conf lict_list_entry_addition; 
ELSE; 


ESP  donino_coarse_screen_altitude_con  f  lict__test : 


HESOLOTI OS  ADTISORIES  STALUATIOS  R007ISE  LOR-LZTEL  LOGIC 


13-P5S 


PROCESS  doaino_conf lict_detection: 


<Deteraine  a  list  of  potential  doaino  conflict  AC  for  the  subject  AC. 

Using  the  subject  AC's  aodeled  response  path  to  each  potential  resolution 
advisory  and  the  object  AC's  projocted  path,  perform  resolution  advisory 
detection  checks  between  the  subject  aircraft  and  each  AC  on  the  Potential 
Doaino  Conflict  list,  until  a  conflict  requiring  resolution  advisories  is 
detected  or  every  AC  on  the  Potential  Doaino  Conflict  List  has  been  processed. > 

IF  (potential  doaino  conflict  list  pointer  in  pair  record  for  subject  AC 
is  null) 

THEM  PERFORM  potential_donino_conflict_list_creation; 

ELSE;  <Potential  Doaino  Conflict  List  already  deternined> 

IF  (this  advisory  has  not  been  checked  for  causing  a  doaino  conflict) 

THEM  LOOP; 

Get  next  AC  on  the  potential  donino  conflict  list; 

SXITIP  (no  more  AC  Og  potential  resolution  advisory  status  variable 
indicates  this  potential  resolution  advisory  has  already 
been  checked  and  it  causes  a  doaino  conflict) ; 

PERFORM  doain o_re so lution_advisory_detection_f liter ; 

IF  (conflict  requiring  a  resolution  advisory  is  detected) 

THEM  SET  potential  resolution  advisory  doaino  status 

variable  to  indicate  doaino  conflict  detected; 

ELSE; 

EMDLOOP: 

IT  (potential  resolution  advisory  doaino  status  variable  does  not 
indicate  a  doaino  conflict  has  been  detected) 

THEM  SET  potential  resolution  advisory  doaino  status  variable  to 
indicate  no  doaino  conflict  detected; 

ELSE; 


EED  doaino_conflict_detection; 


R ESOLOTIOH  ADVISORIES  BTALUATIOR  ROOTISE  HIGH-LEVEL  LOGIC 


13-PS6 


PROCESS  doaino_conflict_detection; 

<Using  the  subject  AC's  modeled  response  path  to  each  potential  resolution 
advisory,  perfors  Rk  detection  checks  beteeen  the  subject  kc 
and  each  kC  on  the  Potential  Dosino  Conflict  list,  until  a  conflict  requiring 
RkS  is  detected  or  every  hC  on  the  Potential  Dosino  Conflict 
List  has  been  processed. > 

H  (PSSC. ISTR  12  SHULL) 

TBEH  PERFORM  potential_doalno_conf lict_list_creatlon; 

ELSE; 

XI  (potential  resolution  advisory  status  variable  12  SDOHIP) 

TBS*  LOOP: 

Get  next  kC  on  the  potential  dosino  conflict  list; 

EIITIf  ((no  sore  kC)  21  (potential  Rk  status  variable  52  SDOHCC) ) 
PERFORM  dosino_resolution_ad visor y_detection_f liter; 

XI  (DCRDPLG  12  STBUE) 

THE8  potential  Rk  dosino  status  variable  *  SDOHCC; 

1151; 

EHDLOOP: 

IE  (potential  Rk  dosino  status  variable  U  SDOBCC) 

THER  SET  potential  Rk  dosino  status  variable  »  SDORCRC: 

lisi; 

ELSE; 

EHO  dosino_conf lict_detecti on; 


EBSOLUTIOR  kD?ISORIES  BTklOkUOR  ROUTIRE  LOI-LETEl  IOGIC 


13-P57 


PROCESS  doaino_detectiou_thresholds; 


<Deteralne  the  detection  thresholds  to  be  used  for  the  subject  1C  and  the  object 
1C  fros  the  Potential  Doalno  Conflict  list.  The  deteraining  factors  are  the 
controlled/uncontrolled,  eqnipped/nnegnipped  status  of  each  1C,  the  nnaber  of 
1C  in  the  conflict  cluster,  and  the  encounter  area  type.  The  area  type  of  the 
intruder  1C  aost  be  deterained  if  it  is  not  already  known. > 

IP  (encounter  aultiplicity  is  not  known) 

THEE  PERPOHS  doaino_encounter_*C_aaltiplicity_deteraination: 

ELSE; 

IP  (encounter  area  type  is  not  known  for  subject  1C,  object  1C  pair) 

THEH  C1LL  E»COO*TES_1BEI_TTPE_DETE8BIS1TIO«; 

ELSE: 

Calculate  the  absolute  value  of  the  relatiwe  vertical  velocity; 

C1LL  lIRCRlPT_PirR_EQOIPBERT_lB0j:O1»TROt_STlTB_DRTE?BIRlTIOR; 

C1LL  DOBI!IOJTia_lND_PROXIBITT_TBRBSBOiD_DETBRBIBlTIOH: 

BSD  dosino_detection_thresholds; 


8ESOL0TIOR  1DTIS0RIES  STIKJITIOR  ROBTIRB  BIOB-lETBl  LOSIC 


13-P58 


PBOCESS  doeino_detection_threshold3 


<Deteraine  the  detection  thresholds  to  be  used  for  the  subject  AC  end  the  object 
kC  frot  the  Potential  Doaino  Conflict  list.  The  determining  factors  are  the 
coatrolled/ancontrolled  sad  eqnipped/unequipped  statas  of  each  AC.  ilso,  the 
area  type  of  the  intruder  AC  nust  be  deterained  if  it  is  not  already  known. > 

U  (pdc_hst.  bolt  22  o> 

THEH  PBRgQRg  doaino_encoanter_AC_aaltiollcity_detereinatloa; 

ELSE: 


12  <PDC_1IST.BHAT  22  *0»»T) 

THBH  CULL  SHCOaHTBR_A8BA_TTPB_DBTERHIHATIOH 
12  ( ACID1 ,  ACID 2) 

OPT  (DEHAT,  IHPAZ2)  : 

PDC_1IST. EH AT  »  DEHAT; 

ELSE: 

Af R2  •  ABS(DTHZ); 

CALL  AIRCRAPT_?AIH_8QDIPBEHT_AHD_COHTHOI._STATR_DETBBHHATIOH 
12  (ACIDI ,  ACID2) 

OPT  (PRCOHT,  PRBQ)  ; 

CAL^  D0HIH0_TAD_AHD_PB0XIHITT_THBBSH01D_DETEBHIH1TI0H 

12  (ATR2,  PDC_IIST. SHAT,  PDC_tIST. g PIT,  PRBQ,  PRCOHT,  DDOT) 
221  <211221211  DHATBt) ; 

BHD  doaino_detection_thresholds; 


-  BBSOIPTIOH  ADfXSOBIBS  BTA1PATIOH  BOPTIHB  tOW-lBHEl  tOSIC 
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PROCESS  donino_encounter_iC_multi plici ty_determinat ion ; 

<This  process  determines  the  total  number  of  1C  in  to 1 red  in  the  conflict 
cluster  including  the  domino  object  1C.> 

IF  (domino  object  1C  is  not  in  any  conflict  table) 

THEN  multiplicity  is  number  of  1C  in  subject  1C  conflict  table  plus 
one  for  domino  object  1C; 

ELSEIF  (domino  object  1C  is  not  in  the  same  conflict  table  as 
the  subject  1C) 

THEM  multiplicity  is  sum  of  number  of  1C  in  each  conflict  table; 
OTHERWISE  multiplicity  is  number  of  1C  in  subject  1C  conflict  table; 

ESD  domino_encounter_lC_multiplicity_determinatton; 


RESOLUTION  1DVIS0RIES  EVILUITION  SOUTINE  HIGH-LEVEL  LOGIC 


1 


PROCESS  doaino_encounter_AC_aultiplicity_deteraination; 

C^his  process  deteraines  the  total  nuaber  of  1C,  including  the  doaino  object  AC 
involved  in  the  conflict  cluster  with  which  the  subject  pair  is  associated. > 

IP  (P0C_1IST.  IRTRAC.CTPTR  B£  SStJlL) 

THBH  PDC_1IS* .  MOLT  =  ACID.  CTPTR  .SAC  ♦  1; 

EISEIP  <PDC_LIST.  ISTRAC  HE  ACID. CTPTR) 

*3SS  ?0C_tIST. HOLT  =  ACID. CTPTR . SAC  *  PDC_LIST. I 3TRAC. CTPTR.  SAC; 

OTHERWISE  PDC_LIST. S0LT  =  ACID. CTPTS. SAC; 

ESP  doaino_encounter_AC_aultipllclty_detei:nination: 


RBSOWTIOS  ADPISOHIES  BTAIOATIOH  RO0TISB  10R-1E7BI  LOSIC 
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\lt*V 


PROCESS  doaino_features._weight_addition; 

<ldd  the  weight  of  an;  doaino  features  set  to  that  HiDS  total  value. > 


1S22£5 

Get  next  SIDS; 

EIITIf  (no  sore  BIDS)  ; 

If  ('neither  1C  causes  a  doaino  conflict*  feature  Is  set) 

THEM  add  this  feature's  weight  to  this  BIDS  total  value; 
fiSBIf  ('one  1C  causes  a  doaino  conflict*  feature  is  set) 

THEM  add  this  feature's  weight  to  this  BIDS  total  value; 

aamia; 

EBDIOCP; 

EBP  add_doeino_features_weight; 


a 


RZSOtDTIOl  1DVIS0RIBS  SV1L01TIOR  RODTIIE  HI3H-LETSL  100IC  - 


13-P6J 


PROCESS  donino_faaturas_*aight_addltion; 


LOOP: 

Sat  oast  BIDS; 

EIITir  (no  aora  SUDS) ; 

Xf  (TRIOS. FEITBITS (7)  *TROE) 

Tags  TRIOS. TILOE  «  TRIOS. TILOE  ♦  BOORS GT : 
ELSEIF  (TRIOS. FEITBITS(B)  S TROB) 

THEM  TRIOS. TILOE  *  TRIOS. TILOE  ♦  DOH1SGT; 
OTHERWISE: 

EBPIOOP: 

ESQ  doaino_featnras_»alght_addition; 


SESOLOTIOS  IDTISOHIBS  ETILOITIOI  ROOTISE  LOS-LETEL  LOGIC 


i 

.J 

k 

-J 
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PROCESS  doaino_resolution_advisory_detectlon_f liter; 

<This  routine  checks  for  a  doaiao  conflict  betveen  the  subject  1C  and  object  AC 
caused  by  a  potential  resolution  advisory.  The  resolution  advisory  detection 
thresholds  nust  first  be  detersined.  Then  the  coarse  detection  checks  are 
perforaed.  If  a  doaino  conflict  is  possible,  then  the  detection  logic  is 
perforaed.  The  non-aode  C  detection  logic  is  perforaed  if  the  object  AC  does 
not  have  aode  C  data.> 


CLEAR  resolution  advisory  detection  flag; 

PERFORM  doaino_detection_thresholds; 

PERFORM  donino_coarse_detection_checks ; 

IF  (conflict  still  possible) 

THEM  LOOP; 

Get  index  of  next  doaino  projected  position  in  RAPP  Table  and 
DOPP  Table; 

EXITIF  (all  projected  positions  have  already  been  tested  JJR 

flag  indicating  necessity  for  resolution  advisory 
is  set)  ; 


If  (aode  C  data  available  for  object  AC) 

THEM  CALL  DOMIHO_RESOLOTIO)I_TAO_ARD_PROXIH1TI_ 

COHPARISOMS; 

SiSi  mt&M  non_aode_C_resolution_tau_and_ 

proxiaity_coa pari sons; 


EMDLOOP: 


ELSE: 


fr»D  d oaino_resolution_ad visor y_detection_f liter; 


RESOLOTIoa  ADVISORIES  ET ALDATIOI  ROOTIRB  HIGB-LBTBL  LOGIC 


PROCF SS  doaino_re solutioa_ad visor y_detectlon_f liter: 

<This  Is  the  detection  logic  for  determining  the  setting  of  the  potential 
R»  statos  variables  froa  the  value  of  the  DCHDFLG.  Only  one  flag,  DCHDFLG, 
is  processed.  If  both  1C  are  controlled,  the  values  of  DTCHDH,  V  are  actually 
TIFRH,  F.  if  both  1C  are  uncontrolled,  then  the  DCHDFLG  is  the  only  flag  that 
should  be  processed,  ind  if  one  1C  is  controlled  and  one  1C  is  uncontrolled, 
it  is  sufficient  to  process  only  the  sore  sensitive  (larger)  thresholds. > 


DCHDFLG  »  SF1ISE; 

PERFORM  doaino_detection_threshoids; 

PERFORM  doaino_coarse_detection_checlts; 

IF  (DCHDFLG  S3  STRDE) 

THEM  DCHDFIG  =  SF1LSE; 

LOOP: 

Get  index  of  next  doalno  projected  position  in  RIP?  Table  S 
DOPP  Table: 

EXITIF  (all  projected  positions  have  already  been  tested  or 
DCHDPtG  S3  FTROE) 

IF  (1CID.HCFLG  E2  MTRDE) 

THEM  C1LL  DOHIHO_RESOLOTIOH_T1D_1HD_PROXIBITY_ 

C0HP1HIS0MS 

Ifl  (STBPCTDRE  DR1BVL) 

OPT  (DCNDFLG)  ; 

ELSE  PEBFoaa  non_aode_C_resolution_tau_and_ 

pro rial ty_coaparisons; 

EMPLOOP: 

ELSE: 

EMD  doaino_resolution_advlsory_detection_f liter; 


MESOLGTIOM  1DTISOIIES  STllOlTIOi  MODTIME  LOM-LBFEL  LOGIC 
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PROCESS  d on ino_search_area_horizont al_di mension_calco la ti on s; 

<Oetft>ine  the  extent  of  the  subject  AC  during  the  domino  interval  in  the 
horizontal  dimension.  For  the  'continue  straight'  path,  the  projection  is 
linear  and  nay  be  made  from  the  first  domino  projected  Position.  ^or  the 
turning  paths,  a  projection  must  be  made  from  each  of  +he  donino  proiected 
posi*ions  during  the  interval.  > 

CLEAR  all  horizontal  projection  values: 

IF  (negative  horizontal  advisory  is  a  potential  resolution  advisory  OR 
any  vertical  only  advisory  is  a  potential  resolution  advisory) 

TFER  project  subject  AC  ahead  on  the  continue  straight  path  from  the  firs* 
RUPP  Table  entrv  for  3  *  scan  time  ♦  max  horizontal  tau 
detection  threshold: 

else; 

IF  (turn  left  advisorv  is  a  potential  resolution  advisory) 

tRES  project  subject  AC  ahead  on  the  furn  left  path  from  all  four  entries 
in  the  RAPP  Table  for  max  horiz  tau  detection  threshold; 

E1SE; 

IF  (turn  right  is  a  potential  resolution  advisory) 

"•HER  project  subject  AC  ahead  on  the  turn  right  path  from  all  four  entries 
in  the  RAPP  Table  for  max  horiz  tau  detection  threshold; 

El  SB; 

FRD  domino_search_area_horizonta l_d inension_calculations; 


"ESOLOTIOH  ADVISORIES  EVALUATIOH  POOTINE  HIGH-LEVEL  I,OGIC 
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PROCESS  <Soiino_s«arch_area_hori2ontal_aiaensi on_cal eolations; 

IPR  (*)  -  SORPOS; 

TPR  (•)  «  SORPOS; 

Xi  ((RLTTRRGT  Ifl  SOOHRP)  21  (CLHB  12  *DO«*P)  OB  (DSC  12  ,D0SI,P>  22 
(RC18B  12  *0OSHP)  22  (RDSC  J2  SDOHHP)  22  (TSL  22  XDOHBP) ) 

1BEB  XPB  (1)  »  BXPP.  X  (1,1)  ♦  BXPP.  XD  (1,1)  *  (DORSRCH  •  STSTBR.SCXRT  *  TLD) 

T?B(V  *  B»PP-T(1,1)  ♦  RXPP.  TD  (1,1)  *  (DOBSBCH  *  STSTBB.SCXRT  ♦  TLD) 

aa; 

II  (W  22  XDORHP)  22  (IPTCIBB  12  *D OBRP)  0£  (LPTDSC  12  SDOHHP} } 

THBH  XPB  (2)  «  BXPP.  1(2,1)  ♦  BXPP.XD(2,1)  •  TLD: 

TPR  (2)  -  RXPP. T  (2,1)  ♦  BXPP .  TD  (2, 1)  *  TLD; 

TPB  (3)  «  BXPP.  X  (2, 2)  '♦  RXPP.XD(2,2)  *  TLD; 

TPB(3)  «  RXPP.  T  (2 , 2)  ♦  RAPP.  TO  (2,2)  *  TLD; 

XPB  (4)  »  BXPP.  1(2, 3)  ♦  BXPP.  XD  (2,3)  *  TLD; 

TPB  (4)  *  RXPP.  T  (2*  3)  ♦  RXPP.TD(2,3)  *  TLD; 

XPB  (5)  -  RXPP.X(2,»)  ♦  BAPP.XD(2,*)  *  TLD; 

TPR  (5)  «  RXPP.T(2,»)  ♦  RAPP.TD<2,«)  *  TLD; 

2122: 

a  ((BGT  22  MOMP)  22  (BGTCLBB  12  TDOBRP)  22  (BGTDSC  12  SDOBRP) ) 

THEM  XPB  (6)  -  RXPP.  X  (3, 1)  ♦  SXPP.XD(3,1)  *  TLD; 

TPB  (6)  ■  RXPP.T(3,1)  ♦  BXPP.  TD  (3,1)  *  TLD; 

XPB  (7)  -  RA?P.X(3,2)  ♦  BXPP.  XD  (3,2)  •  TLD; 

TPB  CM  »  BXPP.  T  (3,2)  ♦  BAPP.TD  (3,2)  *  TLD; 

XPB  (8)  -  BXPP.  X  (3,3)  ♦  BXPP.  XD  (3,3)  *  TLD; 

TPB  (8)  «  BXPP.  T  (3, 3)  ♦  RAPP.TD(3,3)  *  TLD; 

XPB  (9)  -  BAPP.X(3,«)  ♦  BXPP.  XD  (3,8)  *  TLD; 

T  PB  (9)  «  BXPP.  T  (3,9)  ♦  RXPP.TD(3,«)  •  TLD; 

2222: 

ggp  aoRino_«*arch_ar*a_hoci*ontal_diRension_calcalations; 

_ _ _ _  BBSOLUTIOR  ADTISORIES  BTXLOXTIOB  RODTIRE  LOR-LBTBL  LOGIC  — 
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P ROC  EGG  domino  snare ha re  a  •sub inc*  AG  ca leu  la* i on  r ; 

<Calcula*o  +ho  extent  of  t  ho  subject  AC  on  the  X/FX-lis*  horizontally  and 
vertically  based  on  response  to  the  potential  resolution  advisories 
and  the  maximum  resolution  advisory  flr-tc-r*i.on  thresholds.  > 

CL?  A  P  nrodec*ed  X,  Y  and  7  values; 

PFPF08S  don ino_sca  t  ch_arra_hor izon*a l_dime  nsion_ca leu la t ions; 

<ChecX  to  if  petia'ive  vertical  advisories  must  be  modeled  for  later 

domino  df‘nn‘ ion  nrocess a ng. > 

IF  (sub-jr-c*  AC  has  a  vertical  SDeed  limit  advisory  or  a  negative  vertical 
-esolution  advisory  that  has  not  yet  been  modeled) 

THEN  CALL  NSG ATT VE_VFRTI C AL_P ES0I.UTTO*J_ AD VTS0RY_H0DFLT11G ; 
fLSE; 

QFPFOPX  domino_search_area_vertical_dimension_calculations; 

^ V!>  lomino_search_aroo_subiec*_AC_calculations; 


'•ESO* 'ITT01  AD7IS0PIF5  ".VALUATION  ROUTINE  HIGH-LEVEL  LOGIC 
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"ROCSSS  doaino_search_area_sub-ject_AC_calculat  ions ; 

<Calculate  the  doaino  area  on  'he  X/EX-list  around  the  subdec*'  AC  based  on 
response  *-o  the  poten*ial  PAS  (in  the  RAPP  Table)  and  the 
•  ariaua  SA  detection  thresholds. 

SET  all  TPS,  YPR,  ?PP  to  SOSPOS: 

PERFORM  Jomino_search_area_horizontal_diaension_calcul i‘ ions: 

<Deteraine  if  negative  vertical  advisories  aust  be  aodeled  for  Is*?: 
domino  defection  processing,  a 

IF  (  (  (VSL  ?2  IDONNP)  OR  (SCLNB  E£  JDONSP)  OR  (SDSC  Efi  SDOSNP)  ) 

ASP  (  (RSPSD1  EQ  SFALSE)  OR  (PSPSD2  Eg  JPALSE))) 

TEES  CALI  NS3ATIVS_VERTICAL_RESOLOTIOS_ADVISORT_nODELISC 
IS  (ACI5,  VER-RA) 

OPT  (RAPP)  : 

ELSE: 

PERFORM  dot ino_sea. ch_area_vert ica l_diaeo3ion_calcula tions ; 

TO  =  MAT  (XPS  (*)  )  ; 

XL  =  SIS  (TOR  <-)  )  : 
in  =  sax  (tpe  (*) )  : 

TL  =  SIS  (IPS  (*)  )  ; 

20  =  SAX  (ZPS  (•) )  ; 

?L  =  SI  S  (EPR  (*)  )  ; 

ESP  donino_search_area_subject_ AC_ca leu  la t ions; 


RESOLUTION  ADVISORIES  EVALUATION  ROUTINE  LOB-LEVEL  LOOIC 
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PROCESS  doalno_search_area_vertical_diBension_calcolatlons; 

<Beteraine  tha  extent  of  the  subject  AC  daring  the  doaino  interval  in  the 
vertical  diaension.  Since  all  paths  are  linear,  the  projections  nay  be  aade 
froa  the  first  doaino  projected  position  for  each  path.> 

I*  (any  hori2ontal-only  advisories  are  potential  resolution  advisories) 

THRU  project  subject  AC  ahead  on  current  vertical  path  froa  the 

first  RAPP  Table  entry  for  3  *  scan  tiae  ♦  aax  vert  tau 
detection  threshold; 

SI iSIS 

IP  (cliab  is  a  potential  resolution  advisory) 

THEM  project  first  entry  in  SAPP  Table  ahead  3  *  scan  tiae  ♦  aax 
vertical  tau  detection  threshold; 

£LS£; 

IP  (descend  is  a  potential  resolution  advisory) 

THRU  project  first  entry  in  SAPP  Table  ahead  3  *  scan  tiae  ♦ 
aax  vertical  tau  detection  threshold; 

siss; 

II  (a  don't  descend  or  Halt  descend  is  a  potential  resolution  advisory) 

THEE  project  first  entry  in  RAPP  table  ahead  3  »  scan  tiae  ♦ 
aax  vertical  tau  detection  threshold; 

ELSE; 

IP  (a  don,+  cliab  or  Unit  cliab  is  a  potential  resolution  advisory) 

THRU  project  first  entry  in  PAPP  table  ahead  3  *  scan  tiae  ♦ 
aax  vertical  tau  detection  threshold; 

nsi; 

IH  doalno_search_area_vertical_diaenaion_cal eolations; 

-  RESOLOTXOR  ADVISORIES  PVALDATIO*  ROOTIHE  HI3R-L2V5L  LOGIC  - 
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PROCPSS  doaino_search_area_»ertical_dlB6nslon_calculations; 


12  ( (LPT  £2  SDOBHP)  21  (HGT  52  SDOBHP)'  28  (IIFTHBGT  £2  SDOBHP)) 

THEM  ZPR<1)  =  RAPP.Z<1,1)  ♦  RAPP.ZD(I.I)  *  (DOBSRCH  •  STSTSB.SCAHT  ♦  TID); 

ELSE; 

IF  (  (CLUB  £2  SDOBHP)  OB  (IPTCIBB  £2  SDOBHP)  0£  (BGTCLBB  £2  SDOBHP) ) 

THEH  ZPR  (2)  =  RAPP. Z  (2, 1)  ♦  RAPP.ZD(2,1)  *  (DOBSRCH  *  STSTSB.SCAHT  ♦  TID): 
PISE: 

IP  ((BSC  £2  SDOBHP)  OB  (IPTDSC  £2  SDOBHP)  28  (BGTDSC  £2  SDOBHP) ) 

THEH  ZPR  (3)  =  RAPP. 2(3,1)  ♦  HAPP.ZD(3,1)  *  (DOHSBCH  *  STSTEB.SCAHT  ♦  TID): 
EISP: 

If  (HDSC  £2  SDOBHP) 

THEH  ZPR(4)  =  RAPP. 2  (4, 1)  ♦  BAPP.ZD(4,1)  *  (DOHSRCH  *  STSTEB.  SCAHT  ♦  TID): 
EISP: 

IF  (HCIBB  £2  SDOBHP) 

THEH  ZPR  (5)  »  RAPP.  Z  (5 , 1)  ♦  BAPP.ZD(5,1)  *  (DOBSRCH  «  SISTEB.SCAHT  ♦  TID): 
ZI5E: 


£HD  do»lno_search_area_Ter*.ical_<liaension_calcaIations; 


RESOIOTIOH  ADTISORIES  ETAttJATIOH  ROGTIHE  tOW-IBTBt  LOGIC 


PBOCBSj  BX_llat_backward_donlno_saarch; 

<Saarch  backwards  (dacraasiag  Z  walnas)  on  tha  BZ-list  until  tha  lowar  doaino 
taarch  Halt  la  raachad  or  thara  ara  no  aora  1C.  Do  not  inclnda  atata  factors 
that  ara  signpoats  or  1C  that  ara  cnrrantly  in  conflict  aith  tha  snbjact  1C. 
llso,  don't  inclnda  1C  in  a  final  approach  zona  if  tha  snbjact  1C  is  also 
in  a  final  approach  iona.> 


LOOP: 

Oat  naxt  1C  in  diraction  of  dacraasing  z  on  EZ-list; 

BIITlf  ((no  aora  1C)  flj  (I  position  of  naxt  1C  U  lowar  X  liait)); 

IZ  ((naxt  1C  not  in  a  conflict,  pair  with  tha  snbjact  1C)  liU> 

(naxt  atata  factor  is  not  a  signpost)  HD 
(both  1C  ara  not  in  final  approach  zonas) ) 

THEM  if  (naxt  1C  T  position  within  T  saarch  Halts) 

THEE  PBBFOBH  doalno_coarsa_scraan_altitnda_conf llct_test; 
ELSE: 

ELSE; 

MBI.WB: 

EBP  EX_list_backward_doiino_sanrch j 


BBSOLOTIOf  1DTXS0IIBS  ■T1101M0E  BOOTIEI  IIOB-LBTBL  L001C  - 
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PROCESS  Et_list_badward_doiino_search; 

LOOP; 

Sat  next  1C  in  dlraction  of  decreasing  Z  on  EZ-list; 

EIITIF  ((no  aora  1C)  2£  (I  position  of  naxt  ic  il  lower  I  Unit)); 

IP  ((naxt  1C  not  In  a  conflict  pair  aitb  the  subject  1C)  IBP 
(HXTIC.  SPIDFS  *P1LSE|.  ISO 
(both  1C  are  not  in  a  final  approach  zone)) 

THEM  It  ((ZL  HITAC.  T)  A>fj2  (SXT1C.  T  U  TO)  ) 

TSES  PEPrORfl  dosino_coarsa_scr«en_altitade_conflict_tast; 
ELSE; 

ELSE; 

BlfiiOQO; 

ESP  EZ_  1  i  st  _  bad  *a  rd_dosi  no_saa rch ; 


RESOLOTIOR  1DTISOSIBS  ET1L01TIOE  tOOTXVB  LOW-LETSL  LOSIC 
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v  iV'-i  iliinai  i. 


PROCESS  BX_list_doaino_search; 

<This  procedure  perforis  the  search  of  the  El-list  around  the 
subject  AC  within  the  doeino  coarse  screen  search  Xiaits.  > 

PERFORM  SX_list_f orward_doaino_sear ch ; 

PERFORM  BX_list_baclc  ward_doaino_search; 

BSD  EX  list_do«ino_searcht 
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PROCESS  EX_list_doeino_ search: 

PBPFORS  EX_list_for«ard_doaloo_search; ■ 

PEBFOBB  EX_llst_backsard_doeiiio_search: 

EBP  EX_llst_doalno_search; 
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1 ' 


PPOCPfS  EX_liet_iomi  no_search_l im i t  s_ca leu lat  ions: 

<Calcula*-e  ‘he  EX-list  domino  search  limits  by  adding  the  EX-list  obiect  ftC 
domino  buffer  area  *o  the  subject  Ac  domino  area-> 

Add  maximum  horizontal  range  for  object  AC  to  upper  X  Y  values  of  subject  AC 
domino  area; 

Sub*ract  maximum  horizontal  range  for  obiect  AC  from  lower  X  C  Y  values  of 
subjec*  AC  domino  area; 

Add  maximum  vertical  range  for  object  AC  to  upper  7  value  of  subiect  AC  domino 
area ; 

Sub*rac*  maximum  vertical  range  from  lower  Z  value  of  subject  AC  domino  area; 

ESP  EX_list_domino_search_limits_calculations; 


° ESOLtJTIOE  ADVISORIES  EVAtOATIOR  POBTIRE  HIGH-LEVEL  LOGIC 
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PB0C5SS  51  list  donino_search  lisits_calculations; 


XU  ■  XflAX  ♦  UMAX ; 
10  «  YBAX  ♦  RSAX; 

20  =  2BAX  ♦  ZBX; 

Tt  =  XBIN  -  BB  AX ; 
Yt  =  Y1IN  -  RBAX ; 

21  =  2MIH  -  2BX; 


5BD  2X_list_4o«ino_search_liaits_calcolat ions; 
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PXOCESS  EX_list_forward_donino_Bearch; 

<Search  forward  (Increasing  X  values)  on  the  BX-list  until  the  upper  doalno 
search  Halt  la  reached  or  there  are  ao  sore  1C.  Do  not  Include  state  vectors 
that  are  signposts  or  1C  that  are  currently  In  conflict  with  the  subject  1C. 
Uso,  don't  include  1C  in  a  final  approach  tone  if  the  subject  1C  is  also 
in  a  final  approach  xoae.> 


LOOP; 

Set  neat  1C  in  direction  of  increasing  X  on  EX-llst; 
mm  (no  sore  1C  21  X  position  of  next  1C  21  upper  X  Unit)  ; 

IP  ((next  ic  not  in  a  conflict  pair  with  the  subject  1C)  igp 
(next  state  vector  is  sot  a  signpost)  HD 
(both  1C  are  not  in  final  approach  xones) ) 

TBEW  IP  (next  1C  T  position  within  Y  search  Units) 

IUE  PEPPoaa  dosino_coarse_screen_altitude_conflict_test; 

mi*. 

5121: 

5121222: 

85P  EX_Hat_forward_dosino_ search; 
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PROCESS  EX_list_f orward_doaino_search; 

100£; 

Get  next  AC  in  direction  of  increasing  X  on  EX-list; 

EXITIT  (no  tore  AC  21  *  position  of  next  1C  GT  upper  X  Unit) ; 

II  ((next  AC  not  in  a  conflict  pair  with  the  subject  AC)  AHD 
iSXTAC.SPIDFG  £2  XPALSE)  AJID 
(both  AC  are  not  in  a  final  approach  xone) ) 

THEM  IT  <(TL  £T  NITAC.  Y)  AN2  (SXTAC.  T  £T  TO)) 

TUTS  PERFORH  doaino_coarse_screen_altitude_conf lict_test 

lill: 

ELSE: 

EEPLOOP: 

END  EX_list_forward_doeino_search: 
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PBCCESS  ET_list_object_AC_domino_buf  f  er_area_ca  leal  at  ions; 

Calculate  the  maximum  distance  that  an  AC  on  the  EX-list  can  travel 
during  the  dominc  prolection  interval,  ’'his  distance  is  based  on 
the  maximum  soeed  of  an  AC  on  the  EX-list,  an  assumed  vertical 
velocity  and  the  maximum  detection  threshold  values.  The  sax  immediate 
range  threshold  sust  be  added  to  the  horizontal  range. > 

Calculate  the  saxiaua  horizontal  range  as:  Bax  EX- List  speed  limit  * 

(sodeling  delay  period  *  4  *  scan  time  ♦  max  de*ection  threshold)  ♦ 
■ax  immediate  range  threshold; 

Calculate  maximum  vertical  range  as:  max  vertical  speed  limi*  * 

(modeling  delay  period  t  4  *  scan  time  ♦  max  defection  threshold) 

EBP  EX_list_ob1ect_AC_domino_buf fer_area _ca leu lat ions; 
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PBOCBSS  BI_list_obj«ct_AC_doalno_baffar_araa_calcttlattoni; 

BH  AX  «  SIT  EL  *  (DELAY  ♦  DOSSCABS  •  SYSTEM.  3CABT  ♦  TLD)  ♦  PDYBl.  ECOSTH  (3) 

tSX  -  CSCBEEB.tr AST  •  (DELAY  ♦  DOSSCASS  •  SYSTEM. SCAB?  ♦  TtD)  ; 

EBP  EX_list_ob  ject_AC_d  oilno_bof  far_araa_caj.cn  lat  lout; 


B'BOLDTIOa  ADYISOBIBS  ETALOATIOB  BOOTXBE  LOt-LBYEL  L09XC 


PROCESS  feature_aircraft_f ar_f roa_radar ; 

<I£  either  AC  is  'far*  froa  the  radar,  axiauth  data  becoaes  less  reliable. 
Therefore,  atteapt  to  resolve  the  conflict  using  vertical-only  advisories. > 

IP  (either  AC  is  far  froa  the  radar) 

TBEB  LOOP: 

Get  next  resolution  advisory  data  set; 
mm  (all  resolution  advisory  data  sets  processed)  ; 

IP  (this  is  a  vertical  diaension  only  resolution  advisory  set) 
THEE  SET  this  feature; 

Add  this  feature's  weight  to  this  RADS  total  value; 

ELSE; 

1821221: 

ELSE; 

EBP  feature_aircraft_far_fros_radar ; 
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PROCESS  faatara_alrcraft_far_froa_radar: 

II  ( ( (kCXDI .  X**2  ♦  kCXD1.?**2)  JJJ  BDI3TB)  2J 
<kCID*»2  ♦  kCXD2.T**2)  fij  RDISTB) ) 

THBE  LOOP: 

Sat  tha  aatt  raaolatloa  advlaory  data  sat; 
Him  (*H  raaolatloa  adtiaory  data  sata  procaaaad)  ; 
H  (TBkDS.HOBIZ  Jfl  IPklSB) 

THBH  TBkDS. PEkTBITS (9)  «  JTHOE; 

TRkDS. TkLOE  ■  TBkDS. TkLOE  ♦  PIRRkiOT; 

ELSE: 

ELSE: 

SEP  faatara_alrcraft_Jar_froa_radar; 


BBSOIOTIOB  kDTISOBIES  BTkLOkTIOR  BOOTIES  LOB-lETEt  LOGIC 
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tea*  urea  i  rcr.if  t  _on_f  i  na  l_a  pp roach; 

<If  either  laneuvered  AC  is  in  a  final  approach  zone  and  is  slow,  attempt  to 
resolve  *he  conflict  using  horizontal-only  advisories.) 

Tc  (either  AC  is  in  a  final  approach  zone  AND  that  1C  is  wanenvered 
ISO  that  1C  has  a  velocity  that  is  not  fast) 

"MEN  (-OOP; 


Ge 

*•  *  he  next  resol 

ution  adv 

isor 

v  data 

set ; 

gXTTIF 

(all  resolution 

advisory 

data 

sets 

processed)  ; 

IF 

(this  is  a 

nori 

zon ta 1  di 

lens 

ion  on 

ly  set) 

TH2N  S  FT 

this 

feature: 

Add 

this 

feature ' 

s  we 

ight  t 

o  this  RADS 

ELSE; 


ENPLOOP: 


"PD  feature  aircraft  on  final  aporoach; 
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PROCESS  feature_aircraft_on_f inal_approach; 

II  (((ACIP1.FAZ  IS  SFAZO)  SSB  (RSPRD1  Sfl  STROE)  A£2  ( ACID1 .  VSQ  U  VFASTSQ) ) 
<21  ( (ACID2.  PIT  SS  »P«0)  Ufi  (BSPHD2  Sfi  STROE)  LI2 
(ICID2.TSQ  IT  VFASTSQ) ) ) 

TBSP  LOOP: 

Gat  tha  next  resolution  advisory  data  set; 

EIITIP  (all  resolution  advisory  data  sets  processed) ; 

IS  (TRAPS.  TIFT  52  SFALSE) 

Tags  TRAPS.  FEATBITS(16)  -  STROE; 

TRAPS. VALOE  »  TRAPS. VALOE  ♦  FAZfGT; 

ELSE: 

EIDIOOP: 

Sill; 


ERE  feature_aircraft_on_final_aoproach; 
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PROCESS  f eature_big_horizontal_aisa_distanca; 

<If  an  advisory  sat  with  a  horizontal  coaponant  Is  projected  to  provide  a 
large  horizontal  separation,  attaapt  to  use  that  advisory  sat  to  resolve  the 
conflict.  The  saparatlon  threshold  need  Is  larger  If  either  of  the  1C  are 
sensed  to  be  tornlng  by  the  tracker. > 

If  (neither  1C  Is  taming) 

"r3ER  use  default  separation  threshold; 

ELSE  use  larger  separation  threshold; 


122E; 

Get  the  next  resolution  advisory  data  set; 

EXITIf  (all  resolution  advisory  data  sets  processed)  ; 

If  (there  Is  a  horizontal  coaponant  to  this  set) 

THEE  If  (sodeled  horizontal  saparatlon  threshold) 

TBEH  SIT  this  feature; 

Idd  this  feature's  veight  to  this  RIDS  total  value; 

J15S5 

USE; 

SBEtsae: 

BID  feature_blg_horizontal_Biss_distance; 
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PROCESS  feature_big_horizontal_«iss_distance; 

IZ  (  (ACIDl.TtJRR  Hi  SSTRRGLFT)  (ACIDI.TORR  15  S  STHRGRGT)  AED 

( ACID2. TORB  U  SSTRRGLFT)  (ACID2.TDBS  IS  SSTRRGRGT) ) 

TREE  8DHB  »  BDHSQ; 

ELSE  8DHH  «  RDHHSQ ; 


LOOP? 

Get  the  next  resolution  advisory  data  set; 

EXITIF  (all  resolution  advisory  data  sets  processed)  ; 

IF  (TRADS.HORIZ  Efl  STRtJE) 

THER  IF  (HHD2(TRADS.IEDEX1  ,  TR  ADS.  IEDBX  2)  GT  RDHH) 
TBER  TRADS.  FEATBITS  (21)  *  STROE; 

TRIOS, VALUE  =  THADS. VALUE  ♦  BIGHWGT; 

ELSE: 

S12S: 

EROLOOP: 

SRD  feature_big_hori2ontal_aiss_distance ; 
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PROCESS  featare_big_Tertical_aiss_dlstanca 


<If  an  adTlsory  sat  with  a  Tactical  coapoaant  Is  projected  to  pcoalda  a  large 
tertlcal  separation,  atteapt  to  asa  that  adwisory  sat  to  resolwe  tha 
conflict.  > 

LOOP; 

Get  the  next  resolution  adwisory  data  set; 

SXITIF  (all  resolntion  adwisory  data  sets  processed)  ; 

IF  (there  Is  a  Tertlcal  conponent  to  this  set) 

THEB  IT  (aodeled  Tertlcal  separation  gj  threshold) 

THEB  SET  this  featnre; 

Add  this  feature's  weight  to  this  PADS  total  walne; 

ELSE: 

ELSE; 

EBDLOOP; 

EBP  feature_big_wertical_niss_distance; 
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PSOCISS  feat ure_big_vertical_«i ss_di stance; 

LOOP: 

Set  the  next  resolution  advisor;  data  set; 

EXITIf  (all  resolution  advisor;  data  sets  processed) ; 

H  (T8JDS.TEST  B£  STStTE) 

Tags  If  (VSDB(TRDDS.  IHDEI3)  fit  iSEP**2) 

THEM  TBkDS. PEiTBXTS  (20)  »  *TB0E; 

TR&DS.THLOE  *  TRiDS.TDLOE  ♦  BISPWGT; 

Si. SZi 

ELSE: 

IH£1°2£: 


ESP  feature_big_vertical_eiss_distance; 
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PBOCB  SS  f eature_biggest_separation_for_negatives; 

<This  feature  breaks  ties  aaong  potential  resolution  advisories  with  EEGATIVE 
set  by  determining  which  advisory  set  exceeds  its  'negative  suffices' 
threshold  by  the  largest  factor.  QSEP  values  are  used  as  a  final  tie-breaker 
if  necessary.  > 

Naxiaua  ratio  =  0; 
naxiaua  QSEP  =  0; 

LOOP:  <  Repeat  for  each  aaxiaua- value  RA  in  SIDS  list.  > 

IF  (this  Hi  is  horizontal) 

THEE  ratio  =  appropriate  separation  value  fron  HDD  aatrix  / 
horizontal  'negative  suffices'  threshold; 

E1SE  <  Hi  is  vertical.  > 

Ratio  =  (appropriate  separation  value  froa  VHDA  aatrix  / 
vertical  'negative  suffices*  threshold) **2; 

IF  (ratio  for  this  HA  aaxiaua  ratio) 

THEE  Set  best-RA  pointer  to  point  to  this  HA; 
naxiaua  ratio  =  ratio  for  this  BA; 
naxiaua  QSEP  =  QSEP  value  for  this  RA; 

ELSEIF  (ratio  for  this  RA  E£  aaxiaua  ratio) 

THEE  IF  (QSEP  value  for  this  HA  £1  aaxiaua  QSEP) 

THEE  Set  best-RA  pointer  to  point  to  this  RA; 
naxiaua  QSEP  *  qsEP  value  for  this  RA; 

fiSI) 

OTHEHEISE: 

EIITIF  (all  aaxiaua-value  RAS  examined); 

EEPLQOP ; 

SET  this  feature; 

Add  this  feature's  weight  to  this  RADS  total  value; 

EED  feature_biggest_separation_for_negati ves; 

-  RESOLOTXOE  ADVISORIES  ET A1DATI0E  ROOTIHE  BIGH-lEVBl  10GIC 
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PROCESS  featare_biggest_separation_for_negati»es; 

PIT  (RATIO,  VSBP,  HAXRATIO,  HAXQSEP); 

H1XHATIO  -  0; 

H1XQSSP  •  0; 

LOOP:  <  Repeat  for  each  aaxiaaa-ralae  Si  is  RIDS  list.  > 

IP  (TR  IDS.  BORIS  X£  XTROE) 

THEM  RATIO  -  HHD2 (TRADS. IMDBX1 ,  TRADS. ISDEX2)  /  HDTBH : 

ELSE  I£  (RSPMD1  STROE  AJLB  RSPMD2  Jfl  STROB) 

THEM  VSEP  *  THDA(SLEV3); 

ELSE  VSEP  »  THDA (TRADS. IMDEX3) : 

RATIO  ■  (VSEP  /  ASEP)«2: 

IP  (RATIO  SI  HAXRATIO) 

THEM  Set  RADSPTR  to  point  to  this  HA; 

HAXRATIO  »  RATIO; 

H1XQSEP  »  QSEP2 (TRADS. IMDBX1,  TRADS. IMDEX2,  TRADS. IMDEX3)  ; 

ELSEIP  (RATIO  Jfl  HAXRATIO) 

THEM  IP  (QSEP2 (TRADS. IMDEX1,  TRADS. INDEX2,  TRADS. IMDEX3)  HAXQSEP) 

THEM  BADSPTR  »  TRADS; 

HAXQSEP  »  QSEP2  (TRADS.  IMDEX1,  TRADS.  IMDPX2,  TRADS.  IBDEX3)  ; 

ELSE; 

0THERRI5E: 

EXITIP  (all  aaxlaaa-valae  RAs  eiaained)  ; 

ESDI  OOP: 

RADSPTR. PEATBITS  (25)  «  ITRUE; ; 

RADSPTR.  VALUE  »  RADSPTR. VALUE  *  BSEPMMGT ; 

EMD  featare_bigge«t_separation_for_aegatiTes: 

-  RESOLOTIOM  ADTISORIES  EVALUATION  ROOTIME  LOR-LEVEL  LOGIC  - 
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PtOCt SS  faatura_biggast_separation_for_positiTes; 

<This  feature  breaks  tiaa  aaong  potential  resolution  advisories  with  BEGATIVB 
not  sat  by  choosing  tha  advisory  sat  sith  tha  largast  PSBP  Talas. 

QSZP  value*  ara  ased  as  a  final  tia-braakar  if  nacassary.  > 

Basinas  PSBP  >  0; 

Haxlnas  QSBP  •  0; 

LOOP;  <  Rnpeat  for  each  sazisas- value  HI  in  BIDS  list.  > 

If  (PSBP  value  for  this  BA  SZ  sazinas  PSBP) 

THBB  Sat  best-RA  pointer  to  point  to  this  R A; 

Bazinas  PSBP  ■  PSBP  ralae  for  this  BA; 

Bazinas  QSBP  »  QSBP  value  for  this  RA; 

BIS Elf  (PSBP  Talas  for  this  BA  Xfl  Bazinas  PSBP) 

THBB  21  (QSBP  Talas  tor  this  BA  SX  sazisas  QSBP) 

THBB  Sax  bast-BA  pointar  to  point  to  this  BA; 

Bazinas  QSBP  -  QSBP  Talas  for  this  BA; 

ELSE  ; 


OTHERWISE  ; 

BlITlf  (all  nazisan-value  RAs  azaainad)  ; 

smssat 

SET  this  fast ara; 

Add  this  faatara'a  weight  to  this  BADS  total  Talaa; 

BBD  faatara_biggast_ssparatioa_for_ponltiTss; 
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PBOCFSS  t eatore_biggest_separation_for_po3iti?es; 

FIT  (HAXPSEP,  HAXQSEP)  ; 

haxpsep  «  o: 

HAXQSEP  »  0; 

LOOP :  <  Repost  for  each  aaxiaaa-xalae  HA  In  RADS  Hat.  > 

IF  (PSEP2  (TRADS.  XRDEX1  ,  TRADS.  IRDEX2 ,  TRADS.  XNDSX3)  21  HAIPSFP) 

"•ASH  BADSPTR  »  THADS; 

HAXPSEP  »  PSSP2  (TRADS.  IHDEX1 ,  TBADS. IRDEX2,  TBADS.  IRDEX3)  ; 
HAXQSEP  »  QSEP2  (TRADS.  IIDBI1,  TBADS. IRDEX2 ,  TBADS.  IHDEX3)  ; 

ELSEIF  (PSEP2  (THADS.  IHDEI1 ,  TBADS. IH0EI2 ,  TBADS.  IIDEX3)  52  HAXPSEP) 

*8 EH  IF  (QSEP2 (TRADS.  IHDEX1,  TRADS.  IHDEX2,  TRADS.  IHDEX3)  21  HAXQSEP) 
THEH  RADSPTB  »  TRADS; 

HAXQSEP  *  QSEP2  (TBADS. IRDBX1,  TBADS.IHDEX2, 

TRADS. IHDEX3)  ; 

5155; 


OTHERWISE; 

ETITIF  (all  aaxiaaa-xalae  BAs  exailned) ; 
5HDLOOP: 

SET  RADSPTB. FEATBITS (25)  »  STROE; 

RADSPTR.  VALUE  *  RADSPTB .HALOS  ♦  BSEPP1GT; 

EHD  featare_biggest_separation_for_poslti»ea; 
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PROCESS  feature_coapatible_vith_turn; 

<If  this  advisory  sat  has  a  horizontal  component,  atteapt  to  use  it  to  resolve 
the  conflict  if  the  horizontal  aaneuver  is  coapatible  with  the  tracker  sensed 
horizontal  tarn  status  of  each  AC.> 

1221! 

Set  the  next  resolntion  advisory  data  set: 

EIITir  (all  resolntion  advisory  data  sets  processed)  ; 

IF  (there  is  a  horizontal  coaponent  to  this  advisory  set) 

THEM  IF  (horizontal  aanaavars  in  this  set  are  coapatible  vith 
tarn  status  for  each  aaneuvered  AC) 

THEE  SET  this  feature; 

Add  this  feature's  veight  to  this  RADS  total  value; 

ELSE: 

ELSE: 

ERD1Q0P: 

ERD  featare_coapatible_vith_turn; 
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PROCESS  f eature_cospatible_vith_tnrn; 


LOOP: 

Get  the  next  resolution  advisory  data  set; 

EIITIF  (all  resolation  advisory  data  sets  processed) ; 

JF  (THAOS.  RORIZ  JTHOE) 

THEH  IF  (  (COSPATTS  (ACID1. TORN, TRAPS.  HI)  Efl  STRUT) 

AID  (COHPATTS  <ACID2.TURH,TRADS.  H2)  12  STROE)  ) 
THRU  TRADS.FEATBITS (19)  *  STROE; 

THAOS.  VALUE  =  TRADS.7AL0E  ♦  COHHTV3T; 

ELSE; 

ELSE: 

EHOLOOP: 


SUP  featnre_cospatible_vith_turn; 
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PROCESS  feature_deliverable; 

<If  this  is  the  first  tiae  advisories  are  being  selected  for  this  pair,  then 
this  advisory  set  say  be  considered  for  selection  only  if  it  contains  negative 
advisories  cr  if  it  provides  greater  separation  than  if  the  XC  were  to  receive 
no  advisories. > 

IE  (this  is  the  first  tiee  resolution  advisories  are  being  selected  for 
this  pair) 

THE N  LOOP; 

Get  the  next  resolution  advisory  data  set; 

EXITIF  (all  resolution  advisory  data  sets  processed)  ; 

IF  ((separation  obtained  by  responding  to  this  resolution 

advisory  set  £T  projected  separation  for  neither  XC 
aaneuvering)  OR  (negative  resolution  advisories  are 
sufficient) ) 

THRU  SET  this  feature; 

Xdd  this  feature's  weight  to  this  rxds  total  value: 

Xdd  this  feature's  weight  to  this  RXDS  value  used 
for  doaino  logic  processing; 

ELSE: 

SSDLOOP; 


ELSE  LOOP; 

Get  the  next  RXDS; 

EXITIF  (done  all  RXDS); 

SET  this  feature; 

Xdd  this  feature's  weight  to  this  RXDS  total  value; 

Xdd  this  feature's  weight  to  this  RXDS  value  used  for  doaino 
logic  processing; 

ERDLOOP: 

END  feature_deliverable; 


RESOLUTION  XDFISORIES  BFILOXTIOR  BOUTIRE  BIGH-LETEL  LOGIC 


13-P96 


PROCESS  f eature_deliverable; 


II  (  (PREC.acl.PHHAE  Ifi  S  ROLLRES)  UJJ  (PREC. acl . PVHAE  £2  *  ROLLRES)  AJtJ) 

(PREC.ac2. PHHiR  Ifl  S  ROLLRES)  ARP  (PR  EC. ac2 . PVHAR  Jfl  SHOLLRES) ) 
THEE  LOOP: 

Get  the  next  resolution  advisory  data  set; 

EXITIP  (all  resolution  advisory  data  sets  processed) : 

II  (  (PSEP2  (TRIOS.  IRDEX1  .TRADS.  I RDEt 2,  TR*DS.  IRDEX3)  51 
PSBP2  (2, 2,  1)  )  OR  (TRADS.  REGATIVE  E£  STPOE)  ) 

THEE  TRADS.  E FATBITS  {  1)  =  ITROE; 

TRADS. VALOE  =  TRADS. VALOE  ♦  DELBGT; 

TRADS. DOHVALOE  =  TRADS.  DOHVALOE  ♦  DELRGT; 

USE: 

ERDLOOP: 

ELSE  LOOP: 

Get  the  next  resolution  advisory  data  set; 

EXITIF  (all  resolution  advisory  data  sets  processed)  ; 

TRADS. FEATBITS(I)  =  JTROE ; 

TRADS. VAIOE  =  TRADS.  VALOE  ♦  DELRGT; 

TRADS. DOHVALOE  =  TRADS. DOHVALOE  ♦  DELRGT; 

ERDLOOP: 

ERD  feature_deliverable; 


RESOLOTIOR  ADVISORIES  EVALOATIOR  ROOTIRE  LOR-LEVHL  LOGIC 


PROCESS  f eature_dimension_available: 


<Consider  this  advisory  set  for  selection  only  if  all  of  its  components  are 
compatible  with  the  resolution  advisories  cnrrently  being  sent  to  each  AC. > 

1221: 

Get  the  next  RIOS; 

EXITIF  (done  all  RADS)  : 

SET  dimension  available  feature; 

1QQP: 

Get  next  1C  of  subject  pair; 

EXITIF  (done  both  aircraft  Qjt  dimension  available  feature  not  set) 

IP  ((the  horizontal  resolotion  advisory  in  this  resolntion 
advisory  set  is  compatible  with  the  resolntion 
advisory  in  the  conflict  table  entry)  ASP 
(the  vertical  resolution  advisory  in  this 
resolution  advisory  set  is  compatible  with  the 
resolution  advisory  in  the  conflict  table  en*ry) ) 

IflSS: 

ELSE  CLEAR  dimension  available  feature; 

ENDLOOP: 

If  (this  feature  is  set) 

THEM  add  this  feature's  weight  to  this  RIDS  total  value; 

Add  this  feature's  weight  to  this  BIDS  value  used  for  domino 
logic  processing; 

Util- 

SSDLOOP; 

EHD  feature_dimension_available; 


RESOLOTIOB  ADVISORIES  EVALOATIOR  ROOTIRE  HIGH-LEVEL  LOGIC 


PBOCESS  faatura_diaension_a»ailabla 


i 


LOOP: 

Sat  tha  oait  BADS; 
tBITIg  (Bonn  all  BIOS)  ; 

TH  IDS.  PEATBITS  (2)  -  STBDE; 

LOOP: 

Gat  nazt  AC  of  subject  pair; 

exmr  (dona  both  aircraft  fij  TRADS .  PEATBITS  (2)  »  SPALSE) 

IE  (  (C  OH  PAT  (TBADS.  B, ACID.  CTE.  BRAN)  ST  BO  E) 

ABO  (COR  PAT  (TRADS.  V,  ACTD.  CTE.  7RAB)  Efl  SPALSE)) 

THEB: 

ELSE  TBADS.  PEATBITS  (2)  »  SPALSE; 

smgQg; 

i 

IE  (TBADS.  PEATBITS  (2)  Jg2  *T»0®> 

THEB  TBADS. TALOB  «  TBADS. TALOE  ♦  DIHAVSGT; 

TBADS.  DOHTALOE  «  TB ADS. DOHTALOE  ♦  DIHATWGT; 

1151: 

smasz' 


EBP  faatara_diaansion_aTailabla; 


BESOLOTIOB  ADTISOBIES  ETALOATIOB  HOOTIBE  LOW-LETEL  LOGIC 


13-P99 


-tAKaiaA  ■  ■»<'*  1  '■ 


PROCESS  feature_donino_logic; 

<Detersine  if  an  advisory  to  an  kC  causes  that  kC  to  coaa  in  conflict  with 
another  kC.  Evaluate  only  those  advisories  tied  for  selection  based  on 
features  with  higher  priority  than  the  donlno  features.  Two  features 
are  used  to  evaluate  the  doaino  logic:  one  feature  is  set  if  this 
advisory  causes  a  doaino  conflict  for  neither  subject  kC;  the  other  is  set 
if  a  doaino  conflict  is  caused  for  only  one  of  the  subject  iC.> 
lOOf: 

Set  next  kC  of  subject  pair: 

EIITIF  (both  kC  have  been  processed) ; 

If  (this  kC  is  saneuvered) 

THEM  LOOP: 

Get  next  potential  resolution  advisory  froa  RIDS ; 

EIITIF  (no  aore  potential  resolution  advisories  left) ; 

IE  (value  of  features  down  to  donino)  (value  of 

aaxiaua  valued  potential  resolution  advisory)) 

THEM  IF  (neither  of  the  doaino  features  is  set) 

THEB  SET  ‘neither  kC  doaino'  feature; 

PEBFOBH  dosino_conflict_detection; 

IP  (doaino  conflict  detected) 

TflEE  IF  ('doaino  conflict  created  for  one  kC' 
feature  is  set) 

TBER  CLEkB  'doaino  conflict  created 
for  one  kC'  feature; 

ELSE  CLEkB  'doaino  conflict  created 
for  neither  kC'  feature: 
SET  'donino  conflict  created 
for  one  kC*  feature; 


ELSE: 

ELSE: 

ERDLOOf: 

PERFORM  doaino_features_weight_additlon ; 

ELSE: 

HPtQOP; 

ERD  feature_donino_logic; 

-  RESOIOTIOB  RDTISORIES  ETklOkTIOi  ROUTIRE  HIGH-LBTEl  LOGIC  - — - 


13-P190 


PROCESS  feature_doelno_logic; 


LWf: 

Cat  next  XC  of  subject  pair; 
mill  (both  AC  hare  bean  processed)  ; 

I£  (RSPRD  -  BTBOB) 

Tata  issi; 

Get  next  potential  BA  froa  RIDS; 

EilTIP  (no  aore  potential  BIS  left)  ; 

If  (TRXDS.  DOflTXLOE  SSI  SAXVALOE) 

I3U  U  ( (TRXDS.  PEXTBXTS  (7)  55  SFAtSE)  ABO 

(TR1DS.FEXTBITS(8)  ]&  SPMSE) ) 
THE!  TBXDS. PE1TBITS (7)  «  STBDE; 

El  SBi 


PEBPOBH  do  ai no_con  f 1 ict_det ect Ion ; 

If  (potential  BX  doaino  statas  variable  Efl  SDOHCC) 
IBBB  If  (TBXDS.  PEXTBITS(8)  *£  JTBDE) 

TH1B  TBXDS.  PEXTBXTS  (8)  *  SPXLSE; 
ELSE  TBXDS. PEXTBITS(7)  -  SFXLSB; 
TBXDS. PEXTBXTS  (8)  *=  STBDE ; 

ELSE: 

mi; 

smasa-. 

PEBP0B8  doalno_features_»eight_addltion; 

E13E: 

EBP LOOP: 


EBP  featare_doslno_loglcj 


BESOtDTXOB  XDTISOBIBS  BTXtOXTXOB  ROOTIBE  LOI-LBTBL  LOGIC 


13-PtOI 


EfifiSISS  feature_f ast_unnaneuvered_slow_aaneuvered; 

<If  one  AC  is  unaaneuvered,  and  that  AC  has  a  large  vertical  velocity,  its 
speed  is  auch  greater  than  the  speed  of  the  aaneuvered  AC,  and  the  AC  are 
approxiaately  head-on,  then  atteapt  to  resolve  this  conflict  with  a  doable 
dinension  advisory  set.> 

II  (either  AC  is  not  aaneuvered) 

THEM  coapute  track  crossing  angle; 

Calculate  ratio  of  squared  speed  of  uncaded  AC  to  squared 
speed  of  caded  AC; 

U  ((uncaded  AC  has  a  dangerous  vertical  velocity)  A  BP 
(speed  ratio  g*  a  threshold)  A  IIP 
(track  crossing  angle  is  between  certain  Units 
approxiaately  head-on)) 

THBH  LOOP; 

Get  the  next  resolution  advisory  data  set; 

EXITIT  (all  resolution  advisory  data  sets  processed) ; 

II  (this  is  a  double  dinension  resolution  advisory 
set) 

TEtll  512  this  feature; 

Add  this  feature's  weight  to  this  BAPS  total 

value; 

£L£Si 

EBP LOOP: 

ELSE: 

ELSE: 


H2  feature_fast_unaaneuvered_slov_aaneuvered ; 


SBSOLOTIOW  ADTISOBIES  EVALUATION  BOUTINS  HIGH-LEVEL  LOGIC 


13-P102 


•1 

j 


PROCESS  fea*are_fast_unianeavered_slow_aaneuvered; 

PIT  TRATIO; 

It  ((rsprdi  12  SFiiLSC)  21  (hsp»d2  52  spalsb)) 

THBH  coapate  'rack  crossing  angle;  <TXTH> 
if  (RSPHD1  12  *PALSS) 

TBBH  TRATIO  »  ACID1.PSQ  /  ACID2.TSQ; 

IP  (ACID1.ZD  21  ZDTH) 

THE  H  FSTDRCZD  =  JTROB; 

BISS  PSTOHCZD  =  SPALSB; 

ELSE  TRATIO  =  ACID2.VSQ  /  ACID1.PSQ; 

I£  (ACID2.ZD  22  ZDTH) 

THBH  PSTOHCZD  «  STRCE; 

ELSE  ? STDHCZD  -  SPALSB; 

II  (  (PSTOHCZD  12  STROE)  AHD  (TRATIO  22  PRATIO)  ASP 
( (TXTH1  I?  TXTH)  MS  <T”H  12  TXTH2)  ) ) 

IS25  LOO£; 

Set  tbe  next  resolntion  advisory  data  set; 

SXITIP  (all  resolution  advisory  data  sets  processed) ; 

H  (TRADS.SIRGtE  £2  *EALSB) 

THBH  TR  ADS. PSA TBITS  (12)  «  STROB; 

TRADS. PALOE  *  TRAPS. PALOS  ♦  PDCSCWGT; 

1121; 

BHDLOOP: 

IlH; 

1152; 

PHD  feature  fast_anaanenvered  slow  aaneavered; 

3 

i 

l 

1 

-  RESOLUTION  JtDfISOHIBS  EVALUATION  BOUTINS  LOW-LEVEL  LOGIC 


A 


PROCESS  featara_initial.,resolution_advisory_selection; 


<If  the  calling  task  requested  single  diaenslon  advisories,  atteapt  to  select 
single  dlaenaion  advisories. > 

IP  (single  diaenslon  resolution  advisories  are  requested  by  calling  routine) 
THSS  LOOP! 

Set  tbs  nest  resolution  advisory  data  set; 

BIITIf  (all  resolntion  advisory  data  sets  processed)  ; 

IP  (this  resolution  advisory  set  is  single  diaenslon) 

THRR  SET  this  feature; 

ldd  this  faature'S  weight  to  this  RADS  total  value; 

RIS8; 

IlMUi 

ELSE; 

BHD  f eature_initial_resolution_adviaory_selection ; 


RESOLOTXOR  ADVISOR IIS  EVAL01TI0I  100TIRE  HIGH-LEVEL  LOGIC 


13-P10* 


PBOCES?  featare_in it ial_resolution_advisory_se lection: 

1*  (SSGDIH  12  JTBOE) 

THEE  LOOP: 

Sat  the  next  resolution  advisory  data  set; 

EXITIE  (all  resolution  advisory  data  sets  processed)  : 
II  (TBADS.SISGLE  12  JTBOE) 

THEE  TBXDS.BE1TBITS{17)  a  JTHOE; 

TPADS.VALOE  »  TBXDS. TXLOE  ♦  SBGLDBGT; 

ELSE: 

EBPLOOP: 

ELSE: 

EBP  f eat  ure_ in it  la l_re  soluti on_ad vi sor y_select ion ; 


BESOL OTIOM  JDVISOBIES  EfXLOXTIOB  BOUTIBB  LOf-lBBBL  LOGIC 


13-P105 


PROCESS  featute_aaneuver«4_unnaneuvered_conf lict_aulti_AC_4ef inition; 


<An  aircraft  in  the  current  conflict  pair  is  in  another  conflict  pair,  for 
which  it  was  eodele4  as  unaaneuvered.  Calculate  the  separation  achieved 
for  the  previous  conflict  pair,  based  on  the  subject  AC  being  aaneuvered.> 


SET  aaneuvered_unaaneuvered  conflict  feature; 
loop; 


Set  nert  AC  froa  the  subject  pair) ; 

EXITIF  (both  AC  processed  0£  aaneuvered_unaaneuvered  conflict  feature  not  set) ; 
IP  (this  AC  is  aaneuvered) 

THEH  IP  (this  is  a  double  diaension  resolution  advisory) 

THEE  PERFORM  aolti_lC_vertical_aaneuvered_unaaneuvered_ 

conflict_deter Bination; 

IP  (aaneuvered_unaaneuvered  conflict  feature  set) 

TREE  PE8F0BH  aulti_AC_horizontal_aaneuvered_ 

unaaneuTered_conflict_deteraination; 


ELSE: 


PISE; 

EHDLOOP: 


ELSE  IP  (vertical  resolution  advisory  in  this  resolution 
advisory  set) 

X3SJ!  PERPORH  ault i_AC_vertical_aaneuvered_ 

unaaneavered_conflict_deteralnation; 
ELSE  PERFORM  aulti_AC_horizontal_aaneuvered_ 

unaaneuvered_conf lict_deterainati on; 


I£  (this  feature  is  set) 

THEM  add  this  feature's  weight  to  this  RADS  total  value; 

Add  this  feature's  weight  to  this  RADS  value  used  for  doaino  logic 
processing; 

im: 

ESP  feature_aaneuvered_anaaneuvere4_confltct_aulti_AC_4ef tuition; 

-  RBSOLOTIOS  ADVISORIES  EV ALOATION  RODTIIE  HIGH-LEVEL  LOGIC  - 


13-P1Q6 


PROCESS  feature_aaneuvered_unianeuvered_conflict_aaltl_lC_definltion; 

TR.IOS.  PSATBITS  (3)  =  STROE; 

LOOP: 

Set  ne*t  AC  froa  the  subject  pale) ; 

EIITIE  (both  AC  processed  0£  (THAOS.  EE1TBITS  (3)  12  SEALSE)  )  J 
IE  (RSPMD  S2  *TROE> 

THEM  JE  (THAOS.  SIIOLE  Jfl  SEH.SE) 

THE!  PEREOBH  enltl_AC_vertical_naneaTered.. 

unnane aver ed_conflict_detereiaat ion 
<for  the  vertical  portion  of  the  RA> 

II  (TRADS.  EEATBITS  (3)  52  STROE) 

THEM  PEREORH  eulti_AC_hori2ont4l_eaneavered_ 
unianeuvered_conflict_detereination 
<for  horis  portion  of  the  HA> 

ELSE: 

(TRIOS.  VERT  12  STROE) 

THEM  PEREORH  «ulti_»C_vertical_naneavered_ 

unnaneavered_conflict_detereipation5 
ELSE  PEREORH  ealti_AC_horieontal_eaneiiTered_ 
uneaneuvered_conflict_deterninatlon; 


II  (TR  ADS. EEATBITS (3)  Efl  JTROE) 

THEM  TRADS. VALOE  »  TRADS. VALOE  ♦  OMH AMMGT ; 

TRADS. DOHVALOE  *  TRADS.  DOHVALOE  t  ORHAMHGT ; 

ELSE: 

EMD  fea*tire_ianeuvered_<innaneuvered_conf lict_nulti_AC_def in it ion: 


ELSE  If 


EMOLOOP: 


RESOLOTIOM  ADVISORIES  SVALOATIOM  HOOTIIE  LOf-LSVEI  LOGIC 


PROCESS  feature_aaneuvered_una4neuvered_conflict_two_AC_deflnitlon; 

<The  Two-aircraft  Resolution  logic  definition  of  tha  saneuvered_uneaneuvered 
conflict  faatnra  checks  for  prawiona  conflict  pairs  in  which  tha  currently 
aanenwarad  subject  1C  was  aodeled  as  unaaneuvered.  For  tha  currant  conflict, 
do  sot  use  advisories  in  tha  diaension  that  was  used  to  resolve  tha 
previous  conflict.) 


LOOP: 

Set  the  next  BIOS; 

EIITTF  (done  all  BIDS)  ; 

SET  aaneuvered_unaaneuvered  conflict  faatura; 

LOOP: 

Set  next  AC  of  subject  pair; 

EIITIT  (both  AC  processed  JJJ  aaneuvered_unaaneuvered  conflict  feature  not 
set)  ; 

IP  (this  AC  is  aaneuvered) 

THEM  IT  (there  is  a  vertical  coapouent  to  this  advisory  set) 

THEB  PEBPOBB  two_AC_vertlcal_aaneuvered_unaaneuvered_ 

conflict_deter aination; 


ELSE: 

I?  (aaneuvered_unaaneuvered  conflict  feature  favored  ABD 

there  is  a  horizontal  coaponent  to  this  resolution 
advisory) 

iau  mcsu  two_AC_horixontal_aaneuvered_ 

unaaneuvered_conflict_deteraination; 

OUi 

ELSE: 

smwf: 

IP  (this  feature  is  set) 

THEB  add  this  feature's  weight  to  this  BADS  total  value; 

Add  this  feature's  weight  to  this  RADS  value  used  for  doaino 
logic  processing; 

USE: 

imaflE: 

EBP  feature_saneuvered_onaaneuvered_confllct_two_AC_def inition; 

-  BESOLOTIOB  ADVISORIES  ET1LOATZOB  BOOTIES  BIOS-LEVEL  LOGIC  - 


13-P108 


PBOCBSS  feature_BaneuTered_unuaneuwered_cooflict_two_iC_def inition; 

<The  Two-aircraft  Resolution  logic  definition  of  the  naneuwered_unnaneuTered 
conflict  faatara  checks  for  previous  conflict  pair*  1b  which  the  currently 
waneawered  subject  »c  is  anaaaeawered.  If  this  coadltioa  exists,  this 
feature  is  not  set.> 


LOOP: 

Set  next  bids: 
tX I TIT  (done  all  BIDS) ; 

TRkOS. PERTBXTS (3)  *  STBOB; 


LOOP: 

Set  next  ic  of  subject  pair: 

EXITir  (both  hC  processed  21  TB1DS.  PSBTBITS  (3)  12  SP1LSB)  ; 

IX  (BSPBD  12  STBOB) 

THBII  IX  (TBSDS.TBBT  12  STBOB) 

an  miaia  two_»C_rertlcal_Baneuvered_unsaneuverea_ 

confllct_deterulBation; 


BLSB: 

IX  ( (TB1DS.  PE1TBITS  (3)  12  STBOB)  U2  (TB1DS.HORIZ  12  STBOB)) 
XU!  ES2ESU  two_lC_hori xontal_uaneUwered_ 

unsaneuvered_conflict_deteraination ; 


BLSB: 

smwp: 


SUE: 


H  (TB1DS.  PEBTBITS  (3)  12  STBOB) 

THBB  TBiDS.mOB  »  TRXDS.TBLOB  ♦  OBBUBBST; 

TBSDS- DOHT1LOB  -  TRIOS.  DOBT1LOB  *  0 BBBRBST; 

BLSB: 

2X2ISS2* 

BSD  feature_aaneuwered_snaaneavered_couf lict_two_lC_def inition: 


BBSOIOTIOB  IDTIS0BIB3  BTILOITIOS  ROOTIBE  LOW-LBTBl  LOSIC 

13-P109 


»>«■»»  w»... 


PB0C3S3  feat ure_negative_resolution_ad visories_do_not_r ever 3e_aaneuver ; 

<Atteapt  to  ulact  negative  horizontal  advisories  that  are  coapatible  with  the 
tracker  sensed  tarn  states  or  negative  vertical  advisories  that  are  coapatible 
with  the  vertical  velocity  direction  of  the  AC. > 

LOOP: 

Set  the  next  resolution  advisory  data  set; 

EtITIf  (all  resolution  advisory  data  sets  processed)  ; 

If  (negative  resolution  advisories  are  selected) 

T3EH  If  (there  is  a  horizontal  coaponent  to  this  set) 

THE*  If  (each  aaneuvered  AC’s  horizontal  turn  status  is 
coapatible  with  this  resolution  advisory 
set) 

TO  fit  SBT  this  feature; 

Add  this  feature's  weight  to  this  BADS  total 

value; 

SUSi 

ELSE  If  (each  aaneuvered  AC's  vertical  velocity  is 
coapatible  with  this  resolution 
advisory  set) 

THEM  SET  this  feature; 

Add  this  feature's  weight  to  this 
BADS  total  value; 

ELSE: 

xus; 

UZL222; 

EBP  feature_negative_resolution_ad visor ies_do_not_reverse_aaneuver ; 


BBSOLOTIOf  ADTISOBIBS  EVALOATIOH  HOUTIHE  HIGB-LETEL  LOGIC 


PROCESS  f eatnre_negatixe_resolution_adxisor ies_do_not_rexerse_ianeuxer ; 


LOOP: 

Set  the  next  resolution  adxisory  data  set: 

BIITIF  <all  resolution  adxisorx  data  sets  processed)  : 

IF  (TP ADS.RFGATITE  *2  ITROE) 

‘rEEB  II  (TRADS.  HORIZ  *2  ITR0B) 

TREE  II  ((COSPATTS(ACID1.TOHR, TRIOS.  HI)  12  ITROE)  IIP 

(COBPlTTS(iCID2.TORR,TB»DS.  H2)  52  ITROE)  ) 
1355  TRADS. FEATBITS (11)  «  ITROE: 

TPADS.  XALOE  =  TRADS.F4I.0B  ♦  SDRRHBOT ; 

asj: 

ELSE  I®  ((COSPATZD(ACID1.ZD,TRADS.X1)  eg  ITROE)  AID 

(COMP  AT  ZD  (ACID2. ZD, TRADS. 12)  E"  ITROE)  ) 
TEEM  TR ADS. F FATBITS (11)  *  ITROE: 

TRADS. TALOE  =  TRADS . X ALOE  ♦  RDMRHRST ; 

HIS: 

EtSE: 

ERDtOOP: 


BMP  ?eature_negat ixe_resolution_ad»isories_do_not_rexerse_saneuTer ; 


R ESOLOTIOM  ADXISORIES  EXALOATTOE  ROOTIRE  LOf-LSXEL  LOGIC 


13-P1 1 1 


PROCESS  feat ure_oegative_resolution_advisories_snf flea; 


<Atte«pt  to  use  neqa t i re  resolution  advisories  to  resolve  the  conflict.  > 


122£: 

Set  the  next  resolution  advisory  data  set; 

BXITIf  (all  resolution  advisory  data  sets  processed)  ; 

It  (negative  resolution  advisories  are  sufficient) 

THU  SET  this  feature; 

Idd  this  feature's  weight  to  this  BIDS  total  value; 

ELSE; 

smaat; 

END  £eature_negative_resolution_advisories_suf f ice; 


RESOLUTION  ADVISORIES  EVALUATION  ROUTINE  HIGH-LEVEL  LOGIC 


13-P112 


PROCESS  f eat ure_oegati»e_r esolution_adTisorles_snf flee j 

LOOP: 

Set  the  next  resolution  advisory  Ante  net: 

EXITIP  (all  resolution  advisory  data  seta  processed)  ; 
IP  (T1UDS.  usmu  12  JTR0S) 

THEM  TB ADS. PEiTBITS (10)  ■  IT80B; 

TB1DS. VBLOE  -  TB1BS.T110*  ♦  BS0STI8TJ 

nil; 

E5PL00P: 

pbd  feature_nega  tive_resolatlon_adrlsories_asf  ficet 


RESOLOTIOI  IDTISOIltS  ITILOUTIOI  BOBTXBI  LOR-tBTBL  L08XC 


13-P173 


PROCESS  f eat are_no_level_off_tiae_for_ verticals; 


<If  the  AC  do  not  have  tiee  to  level-off  vertically  before  they  cross  altitude, 
atteapt  to  use  an  advisory  sat  vith  a  horizontal  coaponent  to  resolve  this 
conflict.) 

ir  ((vertical  tau  21  tine  to  vertical  crossover)  1  HD 
(vertical  tan  U  tlae  to  level-off)) 

THEB  LOOP; 

Set  the  next  resolntion  advisory  data  set; 

EXITIF  (all  resolntion  advisory  data  sets  processed) ; 

IF  (there  Is  a  horizontal  coaponent  to  this  resolntion  advisory) 
THEM  SET  this  feature; 

Add  this  feature's  veight  to  this  IADS  total  value; 

ELSE: 

SJBlflSB; 

ELSE; 


sup  featnre_no_level_off_tiae_for_verticals; 


BESOLOTIOB  1DVIS0BIS3  EVALOATIO*  BOOTIES  HIGH-LEVEL  LOGIC 


13-Pita 


PBQCB3S  feature_no_leTel_off_tiae_for_»ertlcals: 

II  ( (TT1  It  BLBITBT.TT)  4J2  (SLBHTHY.TY  U  TT2) ) 

TBBB  LOOP: 

Set  the  next  resolution  adrlsory  data  set; 

BIITIT  (ell  resolution  advisory  data  sets  processed)  ; 
It  (TBIDS.HOBIZ  12  3T10B) 

THBB  TB IDS. P BITS ITS  ( t  S)  -  STHOS: 

TB1DS.  TILOB  *  TB1D3.TILDS  ♦  POLBVSGT; 

BL3B; 

BBBMfig: 

ass? 

ilE  eeature_no_le*el_off_tise_for_»erticals; 


IBSOLOTIOB  1  DPI  SO  PI  IS  STILOITIOB  BOOTZBB  LOB-LBVEL  L03IC 


PB0CBS5  feature_non_response_to_positive_resolutlon_advlsorles_detected; 

<If  the  Raster  Resolution  Task  has  detected  that  the  he  are  not  responding  to 
single  dimension  positive  advisories,  attespt  to  resolve  the  conflict  with 
double  diaension  (positive)  advisories. > 

12  (double  diaension  resolution  advisories  are  requested  by  calling  routine) 
THBB  LOOP; 

Get  the  next  resolution  advisory  data  set; 

BIITIP  (all  resolution  advisory  data  sets  processed) ; 

IP  (this  is  a  double  disension  resolution  advisory  set) 

TBBH  SBT  this  feature; 

idd  this  feature's  weight  to  this  BIDS  total  value; 

B1S8; 

ERDLOOP: 

EBP  feature_non_respouse_to_positive_resolution_advisories_detected; 


BESOLOTIOB  1PVIS0BIB3  btiioitiob  bootxbb  HIGH-LEVEL  logic 


13-P116 


PPOCBSS  featura_non_response_to_positlve_resolation_adTisories_detected 

II  (SSGDIH  12  JfUSJ) 

T8E1  LOOP: 

Get  the  next  resolution  advisory  data  sat; 

BX1T1?  (all  resolution  advisory  data  sets  processed) ; 

U  (TRAPS.  SIVGLE  12  tFALSB) 

mi  TltDS.FSATBITS(15)  »  STKOB; 

TRAPS. TiLOE  -  TBtDS. VALUE  ♦  1IESPIGT; 

mi; 

siBiaag: 

mi: 

ESP  feature_non_response_to_positive_resolntion_advisories_detected ; 


-  SBSOLOTIOK  AOTISOIZBS  !*»L0ATI01  SOUTHS  LOl-LBTBL  LOGIC 

13-P117 


-  .  **.+*** 'ItmMlJ*  * I.r  ■  * 


'f - *  rr*-  ■ -amr  er 


PBOCESS  feature_PSBP_SB_SEP1 


<Atte«pt  to  use  advisories  that  provide  at  least  a  alnisun  aaount  of 
separation. > 

1221; 

Set  the  next  resolution  advisory  data  set; 

EHT1P  (all  resolution  advisory  data  sets  processed)  ; 

IP  (predicted  separation  for  response  to  this  resolution  advisory  set  £S 
separation  threshold) 

Ifllfi  212  this  feature; 

Add  this  feature's  weight  to  this  BIDS  total  value; 

Add  this  feature's  weight  to  this  BADS  value  used  for  donino 
logic  processing; 

EL  SB; 

SPP1QQP; 

EBP  feature_PSEP_GB_SBP1; 


- -  IBSOLOTIOf  ADVISOBIBS  ETALOATXOI  BOOTHE  S10B-LBTEI  L08IC  - 


13-P118 


PROCESS  feature_PS?P_GE_SEP1 ; 


Get  the  next  resolution  advisory  data  set; 

SXITIE  (all  resolution  advisory  data  sets  processed) ; 

I?  (PSEP?  (TREES. IHEEX1 , TREES. IHDEX2 .TREES .  IHEBX3)  GE  RESXDT.  SBP1) 
THEE  TREES.  P  EX  TBITS  (h)  »  JTREB ; 

TRIES . TELES  »  TREES. TILDE  ♦  PSEP1RGT; 

TREES.  DOHTXLD1  »  TR1DS.  BOHTXLDE  ♦  PSEP1HGT; 


ERELOOP; 


THE  feature_?SEP_GS_S?P1; 


R  ESOLOTIOR  EOflSORIES  ETXLDXTTOH  ROOTISE  LOl-LETEL  LOGIC 


13-P119 


PBOCESS  feature_PSEP_GE_SEP2: 

CLEAR  aaxiaun  separation  for  single  diaansion  advisory  sets; 

CL  EBB  aaxiaua  separation  for  doable  diaansion  advisory  sets; 

LOOP: 

Set  the  next  resolution  advisory  data  set; 

EIITIP  (all  reslntion  advisory  data  sets  processed) ; 

IP  (all  absolute  features  are  set  for  this  BADS) 

THU  IP  (this  is  a  single  diaansion  BADS) 

them  save  aaxiaua  of  this  BADS  predicted  separation  and 
previously  saved  aaxiaua  for  single  diaansion 
advisory  sets; 

ELSE  save  aaxiana  of  this  BADS  predicted  separation  and 
previously  saved  aaxiaua  for  double  diaansion 
advisory  sets; 

ELSE; 

EBDLOOP: 

SET  separation  threshold  for  single  diaansion  advisories  to  aaxiaua  of 
ainiaua  acceptable  threshold  and  a  percentage  of  the  aaxiaua 
separation  saved  for  single  diaehsion  advisory  sets; 

SET  separation  threshold  for  double  diaansion  advisories  to  aaxiaua  of 
ainiaua  acceptable  threshold  and  a  percentage  of  the  aaxiaua 
separation  saved  for  double  diaension  advisory  sets; 

LOOP; 

Get  the  next  resolution  advisory  data  set; 

EUTir  (all  resolution  advisory  data  sets  processed)  ; 

IP  (predicted  separation  for  response  to  this  resolution  advisory  set 
separation  threshold) 

THEE  SET  this  feature; 

Add  this  feature's  veight  *o  this  BADS  total  value; 

ELSE: 

EEDLOOPi 

EBP  feature_P3E?_GE_SBP2; 

-  BBSOLOTIOH  ADVISOBIES  ETAL0ATIOB  80UTISB  HIGH-LEVEL  LOGIC  - 


13-P120 


PROCESS  f eat ore_PSSP_GE_SEP2; 

PIT  (HAXSEPS,  SAXSEPD,  SEP2S,  SSP2D)  : 
HAXSEPS  *  0; 

MAISEPD  *  0; 


LOOP; 

Set  the  next  BIDS; 

ETITI*  (all  BADS  processed)  ; 

IP  (  (TH  ADS.  PEATBITS  (1)  Jfl  JTBOB)  Hg  (TBADS. PEA TBITS  (2)  Jfl  JTBOE) 

(TBADS. PEATBITS (3)  ££  JTBOB)) 

*HBB  U  (TBADS.  SISSLE  Jfl  STHOE) 

THEB  SAISEPS  =  H  AX  (HAISBPS  ,  PSEP2  (TBADS.  IMDBX1  ,  TR  ADS.  INDEX2, 
TBADS.  IHDEI3) }  ; 

ELSE  HAXSBPO  =  SAX (HAXSBPD, PSEP2 (TRA DS. I5DEX1 , TBADS. ISDEX2, 
"■BIDS.  IHDEX3)  )  ; 

ELSE: 

EBDLOOP : 

SEP2S  »  SEP2AP  »  SAISEPS: 

SEP2D  =  SEP2AP  *  SAXSEPD; 

SEP2S  =  SAX (BESADT. SEP1.SE P2S) ; 

SEP2D  =  SAX(RESADV.SEP1,SBP2D)  ; 


LOOP; 

Get  the  next  resolution  advisor?  data  sot; 

EXITIP  (all  resolution  advisory  data  sets  processed) ; 

IB  (TBADS.  SIBGLE  ES  JTBOB) 

THEB  IB  (PSBP2(TRADS.IBDEX1,  TBADS.  ISDEX2,  TBADS.  IBDEX3)  £E  SEP2S) 
THEB  TBADS . PEAT9ITS (18)  -  JTBOB; 

TBADS. TALOE  «  TBADS. TALOE  ♦  PSEP2WGT; 

ELSE; 

ELSE  I?  (PSEP2  (TBADS.  IHDEX1, TBADS.  IBDEX2, TBADS. XBDEI3)  GJ  SBP2D) 
THEB  TBADS. PEATBXTS (18)  »  JTBOB; 

TBADS.  TALOE  =  TBADS.  VALOE  ♦  PSEP2BGT: 

ELSE; 

mass?; 

EBP  feeture_PSEP_GE_S8P2; 

-  BBSOLOTIOB  ADVISORIES  EVALOATIOM  BOOTIBE  LOt-LEVBL  LOGIC  - 


13-P121 


PROCESS  feature_reinf orce_res_adv_froa_non_connected_site_or_BCAS; 

<Deteraine  if  either  aaneuvered  AC  has  a  resolution  advisory  froa  another  ATARS 
site  or  fros  BCAS.  If  so,  atteapt  to  use  an  advisory  set  that  reinforces  the 
advisories  froa  the  other  source. > 

pgRFORS  ot her_source s_resolntion_ad visor y_deterainat ion; 

IP  (either  AC  is  receiving  a  resolution  advisory  froa  a  non-connected  site  OR 
BCAS) 

THRU  LOOP: 

Get  the  next  resolntion  advisory  data  set; 

EXITIF  (all  resolntion  advisory  data  sets  processed)  ; 

IF  (the  resolntion  advisories  in  this  set  reinforce  the 
resolntion  advisories  froa  the  other  source) 

TH8H  SBJ  this  feature: 

Add  this  feature's  weight  to  this  BADS  total  value; 

Add  this  feature’s  weight  to  this  RADS  value  used 
for  doaino  logic  processing; 

EL  SB: 

gansg?; 

ELSE; 


EBP  f eat ure_reinforce_res_adv_f roa_non_connected_site_or_ BCAS: 


RESOL DTI OB  ADVISORIES  BVALOATIOW  BOOTIES  HIGH-LEVEL  LOGIC 


13-P122 


PROCESS  featare_relnforce_res_adv_froi_non_connected_site_or_BCAS; 

PEBBOPH  ot her_so arces_resoluti on _ad visor y_deter ■ in at Ion; 

If  (  (0SHHAH1  HE  SHOLLBBS)  OB  (OSHHAH2  HE  SHULLBES) 

OH  (OSVHAH1  HE  SHOLLBBS)  OB  (OSVHAH2  £g  SHtJLLHES)  ) 

-HER  I. OOP; 

Get  the  next  resolation  advisory  data  set; 

EIIT1P  (all  resolation  advisory  data  sets  processed) ; 

If  ( (BEIHE  (TRADS.  H1,OSHHAH1)  ffl  STSOE)  Of 

(BEIHP(THADS.  H2.0SHHAH2)  ffl  STBOB)  Ofi 
(BBIHB  (TBADS. VI  ,0  ST  HA  HI)  E£  STBOB)  Of 
(REIHP  (TRADS.  V2  ,OTS  VHAH2)  STBOB)  ) 

TBEH  TBADS . PBATBITS (5)  *  STBOB; 

TBADS. VALUE  =  TBADS. TALOE  ♦  OTHSTHGT; 

TBADS.  DOHVAIOE  »  TH ADS.  DOHVALOE  ♦  OTHSTHGT; 

ELSE: 

H2102E; 

ass; 


EBP  Eeatare_reinforce_rea_adv_froi_non_connected_siEe_or_3CAS; 


BESOtOTIO*  ADVISORIES  ETALOATIOH  BO0TIHE  LOf-LSVBL  LOGIC 


PROCESS  f eat ure_r einf orces_prior_resol ution_ad visor ies; 

<Atteepi  to  as*  an  advisor?  sat  that  reinforces  the  advisories  selected 
previously  for  this  pair.> 

100P; 

Set  the  next  resolution  advisory  data  set; 

BIITIF  (all  resolntlon  advisory  data  sets  processed)  ; 

IT  (any  resolntlon  advisory  Is  this  set  reinforces  a  resolution 
advisory  in  the  pair  record)) 

THEE  SBT  this  feature; 

Add  this  feature's  weight  to  this  BADS  total  value; 

B13B; 

SHPIOOP; 

BUD  feature_reinforces_prior_resolution_advisories; 


-  RESOtOTIOH  ADVISORIES  BT 1L0ATI0R  BOOTIBE  BIGH-LBTBL  LOGIC 


13-P12» 


PBOCBSS  feat nre_reinf orces_prior_reso lot ion_ad visor ies; 


1221: 

Set  the  next  resolution  advisory  data  set; 

EIITIf  (all  resolntion  advisory  data  sets  processed); 

IP  ((BBIBr  (TRBDS.HI.PBBC.acl.PBaiB)  J2  STB  OB)  21 

(BEIIP(TBiDS.B2,PBEC.ac2.  PBB1I)  £2  *TBOB)  21 
(BBIBP  (TR ADS.  V 1 , PBEC .  ac  1 .  PTR1B)  12  STBOB)  21 
(BBHP  (TBADS.  T2 ,  PR8C.  ac2.  PVBAI)  12  ITBOE)  ) ) 
TBEB  THADS . PBATBITS (22)  «  JTROE; 

TR1DS.  V  ALOE  «  TRADS.TALOE  ♦  BEPBAICT: 

ELSE: 

BBPLOOP; 


BSD  featnre_reinforces_pr ior_resolation_ad visories; 


BBSOLOTIOB  AOTISOBISS  ETAtOATIOS  BOOTIRB  tOI-tBPEl  tOSIC 


13-P125 


PROCESS  featur«_reinforces_turn; 

<htteapt  to  select  an  advisory  set  with  a  horizontal  coaponent  that  reinforces 
a  tracker  sensed  turn.> 


BED  feature_reinf orces_tatn; 


RESOLUTION  1DTISOBIE3  EVALUATION  ROUTINE  HIGH-LEVEL  L03IC 


13-P126 


too?: 

Get  the  next  resolution  advisory  data  set: 

EXITtP  (all  resolution  advisory  data  sets  processed)  ; 

JT  (TH1DS.  HOBIZ  52  ITBOE) 

TBE»  1?  <(  (ACID1.T0BH  E2  SSTBBGBGT)  55D 
(TBADS.  B1  52  )  21 

(  (ACI01  .TUBS  S2  BSTBBGLET)  ABO 

(Tbads.  hi  52  rrt))  05 

( (ACID2.TUBH  52  * STBHGBGT)  AHD 
(TBADS.H2  52  STB))  OB 
( ( ACI 32 . TUBS  52  JSTBHGLPT)  AHD 
(TBADS.  H2  52  *TL>  )) 

THEH  TBADS. FEATBITS(2»)  =  STBOH; 

TBADS. TALtJE  =  TBADS. »ALDE  ♦  BEIHTVGT; 

2155: 

uss; 

gWDtOOP : 


°BD  feature_reinf orces_turn; 


PESOHJTIOH  ADTISOBIES  ETALOATIOH  RODTISE  LOW-LSTEL  LOGIC 


13-P127 


PROCSSS  feature_speed_checlc : 

CIS  a  maneuvered  AC  has  a  large  velocity,  atteapt  to  resolve  the  conflict  vith 
an  advisory  set  containing  a  vertical  component.  Otherwise,  if  all 
maneuvering  AC  have  a  saall  velocity,  attempt  to  use  an  advisory  set  vith  a 
horizontal  components 

IF  (a  maneuvered  AC  has  a  horizontal  velocity  that  Is  considered  fast) 

THEM  100P; 

Get  the  nezt  resolution  advisory  data  set; 

EXITIF  (all  resolution  advisory  data  sets  processed)  ; 

IF  (this  resolution  advisory  set  has  a  vertical  coaponent) 

THRU  SET  this  feature: 

Add  this  feature's  weight  to  this  RADS  total  value; 

RISE: 

SRDLOOP: 

ELSE  IF  (all  maneuvering  AC  have  a  horizontal  velocity  that  is 
considered  slow) 

THEM  LOOP: 

Get  the  nezt  resolution  advisory  data  set: 

EXITIF  (all  resolution  advisory  data  sets  processed) ; 

IF  (this  resolution  advisory  set  has  a  horizontal 
component) 

TBER  SET  th.'s  feature; 

Add  this  feature's  weight  to  this  RADS  total 
value; 

El  5  E ; 

EEDLOOP: 

OSZ: 


ESP  f eature_speed_checfc ; 


RESOLOTIOR  ADVISORIES  E7 ALDATIOR  ROUTIBR  HIGH-1E?E1  LOGIC 


13-»128 


13-P129 


PROCESS  feature_terrain_or_obstacle_a  lert ; 

<If  either  1C  is  receiving  a  terrain  or  obstacle  alert,  atteept  to  resolve  the 
conflict  with  horizontal-only  advisories. > 

IP  (a  terrain  or  obstacle  avoidance  warning  is  being  given) 

THEE  HOOP: 

Set  the  next  resolution  advisory  data  set; 

SIITIP  (all  resolution  advisory  data  sets  processed) ; 

IP  (this  is  a  horizontal  dimension  only  resolution  advisory  set) 
THEE  SET  this  feature; 

kdd  this  feature’s  weight  to  this  REDS  total  value; 

Add  this  feature's  weight  to  this  RIDS  value  used 
for  dosino  logic  processing; 

ELSE: 

EHDLOOP: 

EfcSE; 


RHP  feature_terrain_or_obstacle_alert; 


-  8ES0LDTI0H  ADVISORIES  BVEIOETIOE  HOOTIEE  BIGB-LBVEt  LOGIC  - - - 


13-P130 


PROCESS  f eatnr e_terrain_or_obstacla_alert ; 

II  (either  »C  la  receiving  a  terrain  or  obataele  alert) 

TBBB  LOOP: 

Set  the  next  resolution  advisory  data  set; 

Hin?  (all  rasolntion  advisory  data  sets  processed); 

II  ( (TRIPS.  SXRGLE  12  STBUE)  Hfi  (TBiBS.HOBIZ  J2  STBOE) ) 
TBBB  TB  AOS .  PEkTBZTS  (6)  -  STBOE; 

TRIOS. T4L0E  »  TRAPS.  TALOE  ♦  TEEOBWGT; 

TRAPS. OOBT1LOE  *  TB  ADS.  POSTALOR  ♦  TBBOBtST; 

ELSE: 

BBPLOQP: 

ELSE: 


EBP  f eatore_terrain_or_obstacle_a lett ; 


RESOL OTI OB  A0VI30RIRS  EVALOATIOR  BOOTIBB  LOB-L8TEL  LOGIC 


13-P131 


PEQCESS  feature_onBaneuvered_with_large_vertlcal_rnte; 

<If  an  unaaneuvered  AC  has  a  dangaroas  (larga)  vertical  velocity,  atteapt  to 
resolve  tha  conflict  with  an  advisory  set  that  has  a  horizontal  coapoaeut. > 

IP  (an  ancadad  AC  has  a  larga  vertical  rate) 

THEM  LOOP: 

Sat  tha  next  resolution  advisory  data  sat; 

E1ITIP  (all  rasolntion  advisory  data  sets  processed)  ; 

IP  (this  resolution  advisory  sat  has  a  horizontal  coaponant) 
THEM  SET  this  feature; 

Add  this  feature's  weight  to  this  BADS  total  value; 

ELSE: 

UU 22£s 

Et.SE: 

EMD  feature_unaanauvered_with_large_vertical_rate; 


8ESOIOTIOM  ADVISORIES  EVILOATIOH  HOOTIMB  HIGH-LEVSt  tOGIC 


13-P132 


process  faatara_ansaBaovarad_with_larga_Tartical_rata: 

Ut  ( ( (BSPRD1  IPHSEV  AM  (ICtDI.ZB  £ 2  ZBTR)  )  2S 

( (RSPID2  Afl  SFILSBJ  Al£  (1CID2.ZD  53  ZOTR)-)) 

TREE  IQOp: 

Oat  tha  naxt  rasolatioa  advisory  data  sat; 

EIITIF  (all  rasolatioa  advisory  data  sats  procassad) ; 
It  (TRIOS. HORIZ  15  STROE) 

THBI  TRIOS. FS1TBITS(13>  »  STBOE; 

TRIOS.  IUD!  ■  TRIOS.  TILDE  ♦  OCITRRGT; 

fLSE; 

siBtaas; 

5US; 

»aa  faatura_aasan«avered__»lth_larga_vartical_rata; 


RBSOtOTIOR  10PISORIES  ETltOlTIOR  FOOT1RE  LOR-lBUl  IOOIC 


'  -WdH -  a*  '  ' 


13-P133 


PBOCBss  highaat_talaad_potantlal.,.raaolatlon_adtlaory_aata_coant ; 

Oataralna  tha  aaxlaaa  aalaa  of  thoaa  8103  with  all  abaolata  faataraa 
■at.  Only  tha  faataraa  with  higher  priority  than  tha  doalno  faataraa  ara 
conaidarad.  lUo,  eoant  tha  naabar  of  BIDS  «hoaa  aalaa  la  aqaal  to  tha 
aaxlaaa  aalaa. > 

an  aalaa  of  hiqhaat  aalaad  tins  to  tarot 
SBT  naabar  of  aaxlaaa  aalaad  BIDS  to  tarot 
SET  polatar  to  aalactad  BIDS  to  noil; 


loop; 


i 

I 

i 


Sat  naxt  BIDS; 

mil?  (procaasad  arary  BIOS)  ; 

IT  (all  abaolata  faataraa  aat  for  thia  BIDS) 

tibb  IF  (aalaa  of  faataraa  doan  to  doalno  £Z 
aalaa  of  aaxlaua  ralaad  BIDS) 

THBB  SBT  valaa  of  aaxlaaa  aalaad  BIDS  to  tha  aalaa 
of  thia  BIDS  faataraa  doan  to  donlno; 

SBT  naabar  of  aaxlaaa  aalaad  BIDS  to  ona; 

SBT  aalactad  raaolation  adalaory  pointar  to  thia  BADS; 
BLSBIT  (aalaa  of  faataraa  doan  to  donlno  XQ 
aalaa  of  hlghaat  aalaad  BADS) 

THBl  incraaant  naabar  of  aaxlaaa  aalaad  BADS; 


1U1: 

BBPIQQP: 


BID  hlphaat-aalnad_potaBtlal_raaolntion_adalaory_aata_count; 


BfSOimOB  ADTISOBIBS  BTUOITIOB  BODTIBB  SIOB-LBTSL  LOGIC  - 


13-P13* 


PBOCBSS  highest_Talned_potential_resolati'in_adTisor7_sets_count : 


BAXVALOE  ■  0; 

HOB PH A  »  0; 
HAPSPTR  »  SHOLL; 


Set  next  potential  RA  set  Bros  the  RADS; 

KIT  If  (processed  exery  potential  RA  set)  ; 

If  ((TRAPS.  PBATBITS(I)  STROB)  1BJ2  (TRAPS. FBATBITS  (2)  E£  STROB) 
AHD  (TRAPS. PEATBITS(3)  Bfi  STROB) ) 

THBH  If  (TRAPS.  DOB7ALOE  52  SAXVA10E) 

THEH  HAX7AL0E  =  TRAPS. DOBVALOE; 

HOHPHA  =  1; 

RADSPT,>  =>  TRAPS; 

ELSEIP  (TRAPS.  DOB  7AL0E  Jjfl  HAXTALOE) 

THBH  HOBPRA  =  HOBPBA  ♦  1; 

QTHERRISB; 

El  SB; 

EH PL OOP; 


?H0  highes*_»alu»d_potential_resolation_adTisory_sets_connt ; 


RBSOLOTIOH  APTISORIFS  BTALOATIOH  HO0TIH8  LOW-lBTEl  LOGIC 


U-P135 


MBS1M  n«ltl_lC_oonfllct_posalble_resolution_advisor ies; 

<De ter sine  the  poaalbla  resolution  advisories  for  the  sublect  conflict  pair. 
If  the  1C  ara  close  in  altitude,  choose  opposite  sense  vertical  advisories, 
othervise  chooaa  saps  aanaa  vertical  advisories. > 

Calculate  the  vertical  aeparation  of  the  pair  after  8  seconds; 

IZ  (vertical  aeparation  la  cloaa) 

TH81  select  vertioal  resolution  advisories  for  both  AC  opposite  to 
those  selected  by  the  two-ac  resolution  logic; 

8138  select  CHUB  for  both  AC; 

CALL  MBP_S»TBIX_3BSBBAT0B; 

If  (saae  sense  vertical  resolution  advisories  selected  for  both  AC) 

THBB  select  DBSCBBS  for  both  ac; 
cm  PSBP_HlTBirM>88BBlT0B; 

8158: 


880  ■ultl_ac-couflict_poe*ible_resolutlon_advisories; 


■  BSOLOTIOS  ADVXSOIZ13  BTA10ATI01I  800TIBB  HIOH-LBTBL  LOGIC 


13-PUB 


PROCESS  «'jl*i_iC_conf lict_possible_r<»solutlon_advi3ori«s; 

Z8SEC1  -  ACID1.Z  ♦  ACID1.Z0  *  T7R0LE; 

Z8SSC2  *  ACID2.Z  *•  ACID2.ZD  *  Tf POLE; 

IT  ( (Z8SEC1  -  Z8SEC2)  1?  ZCARE) 

THEM  T7EBT  »  7EBT8A1; 

7BBT8A1  =  7E8TBA2; 

788*812  »  T7ERT; 

ELSE  7ERTRA1  «  *CL; 

7E8TBA2  »  *Ct; 

CALL  PSEP_8AT8XX_GEHEBATOR 

13  ( ACID1 ,  ACTD2,  PSP8D1,  PSP8D2 ,  7ERTRA1,  7EBT8A2) 

OPT  (TRAPS.  RATPTH,  RAPP1  ,  RAPP2)  ; 

I*  (7EPTHA1  Eg  7ERTBA2) 

THEM  7EBTBA1  =  IDES; 

7ERTBA2  *  IDES; 

CALL  PSEP_HATBIX_GBBBBATOR 

IS  (ACID1,  ACID2,  RSPBD1,  RSPHD2,  7EHTRA1,  7BBT8A2) 
OPT  (TBADS.  8ATPTB,  HAPP1,  BAPP2)  ; 

-LSS; 


EBP  iul*i_AC_conf lict_possible_r«solation_ad7i series; 


8ESOLDTION  AD7ISOBIES  E7ALPATI0B  ROPTI8B  L08-LE7EL  LOGIC 


13-P137 


PBOCESS  aulti_AC_horizontal_aaneuvered_unaaneuvered_conflict_deterBination; 

<If  an  AC  ‘hat  is  aaneuvered  for  the  current  conflict  is  unaaneuvered  in 
another  conflict  that  is  being  resolved  using  a  horizontal  advisory,  then 
evaluate  how  the  horizontal  advisory  for  the  current  conflict  will  affect 
the  previous  conflicts'  resolution.  If  the  predicted  separation  for  the 
previous  conflict  is  projected  to  be  less  than  a  ainlsua  acceptable 
separation,  do  not  use  this  advisory  set  for  the  current  conflict. > 

IP  (a  aaneuvered  1C  is  unaaneuvered  in  another  conflict  ULB 

resolution  for  the  previous  conflict  is  in  the  sane 
diaension  as  this  potential  resolution  advisory) 

THEM  save  horizontal  resolution  advisory  froa  the  BADS  for  the  subjec 

Save  pointers  to  subject  AC  and  AC  in  previous  conflict  with 
subject  AC; 

CALL  HES0LaTI0H_ADVIS0BT_90DELIMG_P0B_PBEDICTED_SEPAHATI0M: 

IP  (predicted  3-0  separation  for  previous  conflict  LT 
ainiaua  acceptable  3-D  separation  threshold) 

THEM  CLEAB  aaneuvered_unaaneuvered  conflict  feature; 

ELSE; 

else: 

BMP  ault i_AC_horizontal_aaneuvered_unaaneuvered_conf lict_deteraination; 


HESOLOTIOM  ADVISOBIES  37  AL0ATIOH  BOOTIME  HIGH-LEVEL  LOGIC 


13-P138 


PBOCESS  ■ ult i_AC_h ori tout al_saneu vered_un sane uvered_coaflict_deterni nation; 

PLT  PSEP; 

IF  (a  saneurered  AC  is  unaaneuvered  la  another  conflict  IMP 

resolution  for  the  previous  conflict  is  la  the  horlsontal  diaansioa) 
THEB  safe  horizontal  Ft  froa  the  BADS  for  the  subject  AC; 

Save  pointers  to  subject  AC  and  AC  la  previous  conflict  sith 
subject  AC; 

CAiL  RESOLOTIOS_ ADVISOR Y_SODEL IB 5_POR_P8EOICTED_ SEP AS  ATIOf 
IB  (BAs  for  tvo  AC,  AC  state  vectors) 

OPT  (PSEP)  ; 

IP  (PSEP  Jjt  BESADV.SEP1) 

THEB  TBADS. FEATBITS (3)  =  SPALSS; 


EBP  t»ulii_AC_horizontal_uaneuvered_aneaneuvered_conf lict_deteralnation; 


VESOLPTIOB  APVISORIES  EVALOATIOB  ROOTIBE  LOB- LEVEL  LOSIC 


13-P13S 


PROCESS  nult i_AC_resolution_logic_ad visor ies_ca leu lat ions; 

<Evaluate  the  absolute  features  for  the  new  advisory  sets,  using  the 
aulti-AC  logic  definition  of  the  features. > 


LOOP: 

Get  nex*  PADS; 

EJCITIF  (all  PADS  processed)  ; 

PFPPOPfj  absolute_feat ures_e valuation_ault i_AC_resolution_def ini t ion : 
iv  (all  absolute  features  set) 

"•HEP  increaent  count  of  PADS  with  all  absolute  features  set; 

IP  (pointer  to  selected  RADS  is  null) 

THRU  save  a  pointer  to  the  selected  advisory  set; 
USB: 

nst: 

EHOLOOP; 

PRO  ault_AC_resolution_logic_advisories_calculations; 


RESOLUTION  ADVISORIES  EV ALUA*ION  ROUTINE  HIGH-LEVEL  LOGIC 


13-P140 


P8QCES5  ialti_IC_resolutloB_lo^ic_adTisories_ealcalations; 

cm  PSEP_1ATHIB_GEBBBAT0F 

ll  (ACIDt,  1CID2,  BSPBD1 ,  8SPBD2 ,  PBPTBA1,  PBBTRA2) 
OBT  (BADS. HATPTB,  BAPP1,  BIPP2); 

IP  ((THBTB11  S3  SCI)  iU3  (TBBTBA2  Jfl  *CL) ) 

THBB  TEITBH  ■  BOBS; 

T8IT8B2  -  SOBS; 

cm  p sb p_h mi  x_s bb  bb atob 

U  (ACID1,  ACID2,  BSPBD1,  BSPBD2 ,  TBBT1A1,  TB8TBA2) 
OPT  (BADS.  HATPTB ,  BAPP1,  BAPP2)  ; 

ass: 


LOOP; 

Ge*.  nett  BADS; 

BII TIP  (all  BIDS  processed)  ; 

PBBPOPH  absolate_featnres_e»Bloa-tioB_BBltt_AC_resolutloB_defiBition; 

12  (  (BB  ADS.  PEATBITS  (1)  Ifl  IT10B)  AfJJ 

(TB IDS.  PBATBITS  (2)  Jfl  STB0B)  (T1ADS. PEATBITS  (3)  Efl  STBOE) ) 

THBB  BPBAABS  »  BPB1ABS  ♦  1; 

11  (RADSPTB  12  nail) 

THBB  BADSPTB  -  TSADS; 

ELSE; 

IL  S I ; 

SSS122E: 

EBP  Buiti_AC_resolatloB_loglc-adTlsories_calcBlatlons; 


BE SOL DTI OB  ADTISOBIBS  BTALOATIOB  BOUTIBB  LOI-LETBl  LOOIC 


13-P141 


PROCESS  aulti_iC_vertical_aaneuvered_anaaneovered_confliet  jleteraination; 

<If  an  1C  that  is  aanaiiTarad  for  tha  cnrrant  conflict  is  unaaneuvered  in 
anothar  conflict  that  is  being  resolved  a sing  a  vertical  advisor?,  then 
evaluate  how  tha  vertical  advisor?  will  affect  the  previous  conflict.  If 
tha  predicted  separation  for  tha  previous  conflict  is  projected  to  be 
less  than  a  ainiaua  acceptable  separation,  do  not  use  this  advisor?  set 
for  the  current  conflict. > 

If  (a  aananvered  1C  is  nnaanenvered  in  another  conflict  HMD 

resolution  for  the  previous  conflict  is  in  the  vert  diaension) 
THEl  save  vertical  resolution  advisor?  froa  the  RIDS  for  subject  1C; 
Save  pointer  to  subject  1C  and  1C  in  previous  conflict  with 
subject  1C; 

C1L;  8ES01DTI 0E_1DPIS0RY_80DBI.ISG_P0R_PREDICTED_SEP1B1TI0R; 

IF  (predicted  3-D  separation  for  previous  conflict  IT 
ainisus  acceptable  separation  threshold) 

TBBR  CLUR  aaneuverad_unaaneuvered  conflict  feature; 

ELSE; 

ELSE; 


CEP  eulti_ic_ vert lcal_aaneavered_unsaneovered_contlict_deterslnat ion; 


8ESOIWIOR  1 DTISOSIES  ST1L01TI0R  ROOTIRE  BIGB-LEVEL  LOGIC 


13-P1«2 


13- PI 43 


PROCESS  nega tive_resolution_ad visor y_de ter el nation ; 

IF  (either  AC  is  turning) 

THEM  add  a  buffer  to  the  noraal  horizontal  negative  resolution  advisory 
threshold; 

;LSB  use  the  noraal  horizontal  negative  resolution  advisory  threshold; 
PERFORM  ver tical_divergence_logic; 

I?  (this  advisory  has  a  horizontal  coaponeat) 

THEM  IE  (horizontal  separation  for  both  AC  aaneuvering  and  neither  AC 
aaneuvering  it  negative  horizontal  resolution  advisory 
threshold) 

THEM  It  (both  AC  saneuvered) 

TUBS  X?  ((horizontal  separation  for  first  AC  only 
aaneuvering  it  negative  separation 
threshold)  ABD  horizontal  separation  for 
second  AC  only  aaneuvering  separation 
threshold) ) 

THE8  SET  flag  to  indicate  negative  resolution 
advisories  are  sufficient; 

els;; 

ELSE  SB?  flag  to  Indicate  negative  resolution 
advisories  are  sufficient; 

ELSE; 

BLSBIF  (both  aircraft  are  saneuvered)  <vlth  vertical  advisories) 

them  If  (the  vertical  separation  achieved  by  aodeling  negatives  ££  vertical 
negative  resolution  advisory  threshold) 

THEM  SET  flag  indicating  negative  res  adv  are  sufficient; 

EI££; 

OTHERWISE  PERFORM  one_AC_aaneuvering_negative_vertical_resolution_advisory_test ; 

IF  (negative  resolution  advisories  are  sufficient) 

THEM  PERFORM  oositlve_to_negati ve_resolution_advisory_conversion; 

ELSE; 

ESP  nega tive_resolution_advisory_detersinat ion; 

-  RESOLOTIOM  ADVISORIES  EVALD  ATIOH  RODTIME  RIGH-tEVEL  LOGIC  - 


13-P144 


PB0CE5S  negatlva_resolution_adTlaory..a«taraiBatloa: 


12  ((ICTD1.T0B8  52  S3TRBO LFT)  flj  (ICXD1.T08B  |2  ISTIR9I9T)  a 

(1CID2.TOBB  a  S3TRB91FT)  a  (1CXD2.T0BI  U  3  3TBR919T) ) 

THE*  HPTSS  -  RSSIPT. SPTBHSQ? 

EtSB  BOTHH  «  RESID?.  HDTHSQ! 

PtBPOBR  Tertical_aiT*rg*nc*_logloj 
15  (BIDS.  HORIZ  Sfl  STROE) 

1555  12  ( (HHD2  (TBIP3. I8D8X1 ,71103.  I3PSI2)  a  30X83)  IIP 
(H8D2  (2, 2)  a  3DTHR)  ) 

THEM  15  <TBi0S.CHP10_CBD«0  a  3TB01) 

1555  15  <<HH02(tRIDS.  1801X1,2)  21  BDTRN)  IBP 

(RRS2  (2  ,T8IP3.  IBDSX2)  a  ROTHS)  ) 

1888  TRIOS.  RE9ITXFR  -  ITROIt 
8138s 

2155  TBI03. BI01TITE  -  STIOE: 

ELSE: 

BLSRIF  (TRIPS. CHPBD_CHOED  52  STB01)  <*lth  Tartical  adTl*Orl«a> 

THEH  IF  (FRDI  (5LEV3)  2S  ISEP««2) 

1555  TBID3.  R19ITI  TE  -  ITROlS 
ELSE; 

OTBEBBISB  PEBFOBR  ona_iC_aaMUTarln<j_aag»*lT*»F«tical_raaoIotion-a4Ti*ory_ta3*.: 
15  (TRIPS.  RBGITITE  52  mi!) 

T3SW  PEBFQBR  po«ltiTa_to_nagatlT«_r4iol'Jtlon_adTlaory_cw»Taraloi»5 

512H; 

EBP  negayi»a_rasolatloo-adTlaory_4«tatalnation; 


RFSOIOTXOB  IPTIS0BX83  BTIIOITXOK  BOOTH*  LOi-LITBL  109XC 


13-P145 


PROCESS  non_node_C_resolution_tan_and_proxiaity_con pari  sons; 

<The  doaino  object  Ac  does  not  have  aode  C  data.  Only  the  horizontal  range 
and  tan  are  checked  for  violating  thresholds  to  deteraine  if  a  doaino 
conflict  is  predicted.  > 

IF  ( (current  range  ij  iaaediate  range  threshold)  21 

(zero  LX  horizontal  tan  jj;  horizontal  tau  threshold) ) 

THEM  SET  doaino  resolution  advisory  flag; 

ELSE; 

BSD  non_aode_C_resolution_tau_and_proxisity_coa pari sons; 


I ES010TI0S  ADVISORIES  EVALOATIOS  ROOTIHE  BIGH-T.EVEt  LOGIC  - 


13-P146 


PIOCISB  non_«od«_C_r •*olation_t»a_«na _proxi«ity_co» pari tons 


II  ((D8M082  U  DICB02)  fll  ( (0  U  DTI)  HB  (DTB  U  DTCHDH)  ) ) 
TIM  DCBDP1G  ■  STV08; 

tuii 

IBP  non_»od*_C_r««olBtloB_t*ii_aBd_ptoxiBit7_co«pari«on«; 


•»  * 


PROCESS  one_iC_naneuvering_negative_vertlcal_resolution_advisory_te8t : 

<Detersine  if  a  negative  vertical  resolution  advisory  is  acceptable  for 
resolution  when  only  one  AC  is  aaneuvered.  If  the  positive  sense  of 
the  nanenver  is  avay  fron  the  unsaneuvered  AC,  the  unnaneuvered  AC  does 
not  have  a  dangerous  vertical  velocity  and  the  projected  separation  for 
the  positive  sense  of  the  advisory  is  greater  than  the  vertical 
posltlve/negatlve  advisory  threshold,  then  the  negative  sense  of  the 
vertical  advisory  is  acceptable. > 

IP  (resolution  advisory  is  CURB  ARP 

aaneuvered  AC  is  lover  than  unsaneuvered  AC) 

THER :  <"don't  descend"  won't  do> 

ELSBIP  (resolution  advisory  is  PESCEHP  ARP 

aaneuvered  AC  is  higher  than  unsaneuvered  AC) 

THER; 

SLSEIf  (unsaneuvered  AC  is  converging  at  a  high  rate) 

THER;  <negative  dangerous) 

ELSBIP  (the  vertical  aiss  distance  for  aaneuvered  AC  nodeled  as  responding 
to  the  positive  vertical  resolution  advisory  LT 
negative  vertical  resolution  advisory  separation  threshold) 

THER; 

OTHERWISE  SET  flag  in  RAPS  indicating  negative  resolution  advisories  sufficient; 

EBP  one_AC_saneuvering_negative_vertical_resolution_advisory_test; 


RES01PTI0R  APVISOIIBS  STALOATIOH  ROOTIHE  HIGH-LEVEL  LOGIC 


1 3-P1*8 


PROCESS  one_IC_Banea*ering_negatiye_*er*.ical_resolatioo_ad»isory_test; 

<Por  this  process  only,  ACID1  is  the  aaneueerlng  AC  and 
ACID2  is  the  oon-eaneurering  AC> 

1*  ( (TRAPS.  7  12  SCI)  112  (ACIP1.Z  U  ACI02.Z)) 

Ills:  <"don*t  descend"  won*t  do> 

tLSSir  {(TRAPS.  T  12  SOBS)  U2  (ACID1.Z  21  ACZ02.Z}) 

HU; 

EISEtF  (ACt 02.  ZO  22  ZDTB) 

2HJ;  <nega*i»e  dangerous) 

BtSBIf  (THOA  (TRIOS.  IIIDEX3)  IT  ASBP*»2) 

1111: 

OTHERWISE  THAOS. NBGATITE  »  STROB; 

SRP  one_AC_aaneueering_negatiee^»ertical_resoiution_adTisory_test ; 


BBSOLOTIOR  AOTISORIBS  BTALII1TI0H  HOOTIBE  lOW-tBTEL  LOOIC 


13-Pt«9 


PROCESS  other_sources_resolution_advisory_deteriination : 

<tf  the  sabject  ac  is  aaneuvered  is  the  current  conflict  and  in  involved 
in  aore  than  one  conflict  pair,  then  check  if  the  1C  is  receiving 
resolution  advisories  fros  another  IT IBS  site  or  BCAS.  Save  the  effective 
horizontal  and  vertical  resolution  advisories  (if  any)  fron  the  other 
sources. > 

CL BIB  temporary  values  of  resolution  advisories  fros  other  sources; 

122£: 

Get  nert  AC  of  subject  pair; 

BIITIB  (done  both  AC) ; 

II  (  (this  AC  is  receiving  resolution  advisories  fros  aore  than  one 
atabs  source  or  fros  SCAS)  AMD 

(this  AC  is  saneuvered  in  the  current  conflict)) 

Get  the  next  pair  record  for  this  conflict  table; 

Eli  TIP  (no  sore  pair  records)  ; 

IB  (the  resolution  advisories  in  this  pair  record  are  fros 
BCAS  OJJ  fros  a  non-connected  ATABS  site) 

THEM  save  the  resolution  advisories  fros  this  source; 
?I5B; 

EBDLOOP; 

SUSt 

imoqp; 

EBP  other_sources_resolution_advisory_deternination; 


BESOLOTIOM  ADVISORIES  BVALOATIOM  RODTIRE  BIOB-LEVBL  LOGIC 


13-P150 


PROCESS  other_soarces_resolution_ad»isory_det eraination : 

OSHHAHl  -  «M0LLRPS: 

OSHHAH2  *  SHOLLRES; 

0S7MAM1  »  SHOLLRES: 

OSVHAH2  =  SHOLLRES ; 


1221!; 

Get  next  AC  of  subject  pair; 

EXI^IF  (done  both  AC)  : 

IP  ((ACIO.CTE.NCOH  gT  1)  4»D  (RSPHD  £2  STROP)  ) 

Ttftg  L OOP; 

Get  next  pair  record  for  this  conflict  table; 

EXITIE  (no  aore  pair  records)  ; 

IP  ( (TPREC.  ATSID  ££  S8CAS)  £2 

(TPREC. ATSID  E£  non-connected  site)) 

THEM  IP  (AC10.CTE  TPREC.  acl.  PAC) 

THEM  OSHHAM  *  BPPHR A (OSHHAN, TPREC. ac. PHH AM) ; 
OSTHAH  »  EPP7R  A  (OSVH  AM  rTPREC.  ac.  PVM  AH)  ; 

HSj; 

E£DL2gP; 

ELSE: 

EHPLOOP: 

££2  other_soorces_resolation_adTisory_deteraiaation; 


RSSOtOTIOM  AOPISORIES  S7ALOATIOH  ROO^IHE  L0H-LE7EL  LOGIC 


13-P151 


PROCESS  pair_racord_check_f or_existing_potential_doaino_conflict_list ; 

CCheck  thru  other  pair  records  that  the  subject  1C  is  in 
to  determine  if  a  list  of  potential  doaino  conflict  1C 
has  been  detersined  for  this  1C  on  this  current  cycle. > 


LOOP: 

Set  next  pair  record  aasociited  with  this  conflict  table; 

EXITIf  (no  eore  pair  records  gs  potential  doaino  conflict  list  already  found) : 

If  (this  pair  record  not  the  subject  pair  record) 

THEE  If  (the  subject  1C  is  in  this  pair  record  IMP  a  list  of  potential 
doaino  conflict  1C  exists  in  the  pair  record) 

THEE  If  (the  resolution  advisories  for  the  current  conflict 
are  a  subset  of  those  used  for  the  potential 
doaino  conflict  list  created  for  the  other 
conflict) 

THEE  PEBfOBH  potential_doaino_conf lict_list_copy ; 

SI££; 


ELSE: 


ELSE: 


SISIt22£: 


EED  pair_record_check_for_existing_potential_doaino_conflict_list ; 


BESOLOTIOE  1DTTSOBIES  ST1L01TI0B  BOOTIES  HIGH-LETEL  LOGIC 


13-P152 


AO-A104  148  MITRE  CORP  MCLEAN  VA  METREK  Olv 

AUTOMATIC  TRAFF-IC  ADVISORY  AND  RESOLUTION  SERVICF  (  a  t  arc;  i 

UNcLAssIFIEo  * 0  —  T  L 


PEOCBSS  pair _recora_check_for_esisting_potential_doaino_confllct_ list; 

<Check  thro  other  pair  records  that  the  subject  AC  is  in 
to  deteraine  if  a  list  of  potential  doaino  conflict  AC 
has  been  deter lined  for  this  AC  on  this  current  cycle. > 


loop: 

Set  nest  pair  record  associated  with  this  conflict  table; 

BEITIf  (no  sore  pair  records  ££  potential  doaino  conflict  list  already  found) ; 
IE  (TPRBC  si  PRBC) 

THUS  IP  (((TPHBC.acl.PIC.  1CID  SQ  ACID)  QR 

(TPHBC.ac2.PAC.ACI0  £2  ACID))  A8P 

(pointer  to  list  of  potential  doaino  conflict  AC 

for  subject  AC  in  this  PB  is  not  null)) 

THBH  IE  (PSEC.  1CID.CHDPL  is  a  subset  of  TPRBC.  ac.  CHDFL) 

T3ER  PEBBORB  potnetial_doalno_conf llct_list_copy ; 
BLSE; 

SIMS: 

BLSB: 

BROIOOP; 

BRD  pair_record_chech_for_e*isting_potential_doaino_conflict_list ; 


RESOLOTIOH  ADVISORIES  STALOATIOH  ROOTIHE  LOW-LETBL  LOOIC 


13-P153 


PBOCBSS  positive_to_negative_resolution_advisory_conversion; 

<The  'negative  suffices'  flag  is  set  for  a  resolution  advisory  set.  Convert 
the  positive  resolution  advisories  to  negative  resolution  advisories  in 
this  BIDS.  Only  single  disension  BIDS  are  checked  for  negative. > 

Convert  horizontal  or  vertical  resolution  advisories  to  their  negatives; 

SUP  posit ive_to_negative_resolution_advlsory_conver sion; 


-  BBSOIOTZOR  ID? ISOBTBS  BTklOhTIOR  IOOTXRB  BI8H-1BTB1.  LOGIC  - 


13-P15* 


PROCESS  po«lti»«_to_negati*e_r«solutloi»_ad*iaor7_eoB*«taioii; 

II  (TRIOS.  BORIS  SjJ  STSOE) 

TBER  II  (TRIOS.  HI  12  *Tl.) 

THER  TRIOS. HI  -SOTS: 

ELSEIE-  (TRIDS.H1  32  STR) 

THER  TRIOS. HI  *  ROTL; 

OTHERWISE? 

II  (TRIOS.  R2  12  *«•) 

THEE  TRIOS.  H2  »  SOTR: 

EtSEir  (TRESS.  H2  12  **8) 

-HER  (TRIOS. H2  »  SOTL ; 

OTHERWISE; 

ELSE  U  (TRIOS.  »1  12  *«,» 

THER  TRIOS. »1  -  SOOES: 

ELSEIE  (TRIOS. »1  52  *OES) 

THER  TRIOS.  T1  *  *OCl5 

9TBSBIISI: 

U  (TRIDS.72  32  ,cl> 

THER  TRIOS. R2  ■  ROOES; 

ELSEIE  (TRIOS.  T2  32  *DBS> 

THER  TRIOS. ?2  «  SOCl; 

OTHERWISE; 

;gp  poaittT«_So_BagatlTa_raaolBtioB_adTiaor7_coB»araion; 


RBSOLOTIOR  IDTISORIES  E7IL01TI0R  SOOTHE  LOR-LETBL  LOOIC 
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PBOCBSS  potential_donlno_conflict_llat_copy ; 

<It  has  baan  deterained  that  tha  saaa  list  of  potential  doalno  conflict  AC  say 
ba  used  for  this  subject  AC  in  tha  entrant  conflict  pair  as  ana  naod  for  tha 
subject  AC  in  anothar  conflict  pair  procaasad  this  scan.  This  routine  aakes  a 
copy  of  a  potential  doalno  conflict  list,  clearing  tha  values  of  encounter  area 
type,  aultiplicity  and  tha  resolution  advisory  conflict  status  variables 
in  tha  copied  list.> 


LOOP; 

Sat  next  potantial  doalno  conflict  pointar  froa  previous  pair  record; 
BIITir  (no  aora  potantial  doalno  conflict  entries)  ; 

J*  (AC  in  potantial  doalno  conflict  list  entry  K 
other  subject  AC  of  current  pair) 

THEM  PEBPOBH  potential_doBino_conflict_list_entry_addition; 

Copy  state  vector  pointer  froa  existing  PDC  List  entry  to  nea 
Potantial  Doalno  Conflict  List  entry; 

CLEii  encounter  area  type  and  aultiplicity; 

ELSE; 

EM122IS 

EBP  potential_doaino_conflict_list_copy; 


-  HBSOLOTIOB  lDVISOtlES  ET1L0ATI0R  BOOTIES  HIGH-LEVEL  LOGIC 
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PROCESS  potent lal_donlno_conflict_llst_copy: 


100°: 

Get  next  potential  doaino  conflict  pointer  fron  previous  pair  record 
EIITIF  (no  nore  potential  donlno  conflict  entries)  ; 

(T»DC_1IST.X!ITR1C.  P1C.1C1D  flj  other  »C  of  current  subject  pair) 
THBl  pbrfobh  potentlal_doaino_conf llct_list_entry_addltlon j 
PDC_IIST.  IRTR1C  -  TP DC_LI  ST .  I ITR  1C ; 

PBC_LIST.B1DT  -  SPRIT; 
poc_tisT.aoiT  ■  0: 

ass; 

SIElflMJ 

ESP  potential_doeino_conf lict_list_copy ; 


-  8S301PTI0R  1DTISORX8S  ST11U1TI0I  R0PTIR8  tO*-l8?Bl  tOOIC  - 


PBOCESS  potential_doaino_conflict_list_creation; 

<This  process  deteraines  a  list  of  potential  dosino  conflict  AC  which  are 
within  the  Doaino  Coarse  Screen  search  Halts  of  the  subject  AC. > 

IF  (this  subject  1C  is  in  any  other  conflict  pairs) 

TBBB  PBBFOBB  pair_reeord_check_for_existing_potential_doBino_confHct_list: 
ELSE: 


IF  (list  of  potential  doaino  conflict  1C  Bust  be  deterained) 

THEM  PBBFOBB  doaino_coarse_screen ; 

BLSC:  <list  of  potential  doaino  conflict  1C  obtained 

.froa  another  pair  record> 

EBP  potential_doaino_conflict_list_creation: 


-  BBSOLOTIOB  ADTISOBIBS  BTHOITIOW  tOPTIBE  BISH-lBTBt  LOGIC 
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PEOCESS  po*antial_ao«lao_conflict_list_craation 


II  (ICID.CTE. scow  21  1) 

THEE  KlifOM  palr_racord_chack_for_aTisting_potantlal_doBino_conflict_list : 

IU2: 

II  (PBBC.ac.IETS  52  *«0ll) 

THE!  miata  doaino_coarsa_acraan; 

ELSE:  <list  of  potantial  doaiao  conflict  BC  obtained 

froa  aaothar  pair  cacord> 

SEP  potential_doalno_coaf lict_liat_cr«ation ; 


•BSOIOTIOB  1DVIS0IXBS  SULUiTIO*  BOOTIBE  tOf-LETEL  108IC 
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;-v  rs 


PROCESS  potential_4onino_conflict_list_eotry_aadition; 


<»dd  an  entry  to  the  Potential  Ooaino  Conflict  List.> 


Link  in  a  ne*  potential  doslno  conflict  list  entry  to  the  current  Potential 
Dosino  Conflict  List; 


BBD  potentla^doelno^conf lict_list_entry_*ddition; 


RESOLOTIOS  aOTISOHIBS  fTRUJlTIOi  HOOTISE  HIGB-LETEl  LOGIC 
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I 


process  potential_doslno_coBflict_list_entry_addltlon: 

Link  in  a  new  potential  doaino  conflict  list  entry  to  the  current  Potential 
Doaino  Conflict  tist; 

BUD  potential_donino_conf lict_llat_entry_addition; 


RSSOIOTIO*  »DTISORI!S  mtOMIOR  RO0TIRI  lOa-tfTSL  tO<3IC 

13-P161 


PROCESS  potential_resolution_advisory_status_variable_detereination ; 

<Thl s  process  sets  the  potential  resolntion  advisory  status  variables, 
which  indicate  for  which  resolntion  advisories  the  doaino  coarse 
screen  search  east  account- > 

CIJAR  potential  resolntion  advisory  donino  status  variables; 

LOOP: 

Set  next  resolntion  advisory  pair  fron  the  PADS; 

Ell  TCP  (no  potential  resolntion  advisory  sets  reeain) ; 

((this  potential  resolntion  advisory  sets'  high-order  features  value  is 
tied  for  aaxiaus  value)  AMP 
(all  absolute  features  are  set)) 

THEP  SET  appropriate  potential  resolution  advisory  doeino  status 
variables; 

ELSE; 

ElfDLOOP ; 

END  potential_resolution_advisory_status_variable_deter sination; 


5ESOLOTIO*  ADVISORIES  ET ALOATIOS  SOOTISE  SIGH-LEVEL  LOGIC 


PROCESS  potential_resolotion_advisory_status_variable_deternination; 

SET  potential  BX  4oai.no  status  variables  to  SHOPRX; 

LOOP; 

Sat  next  rx  pair  froa  the  BIDS; 

EIITIP  (no  potential  BX  sets  reaain)  ; 

IP  ((this  potential  BX  sets'  high-order  features  value  is 

tied  for  aaxiaua  value)  MID  (all  absolute  features  are  set)) 
THE!  SET  appropriate  potential  BX  doaino  status  variable  to  SDOHRP; 

3155: 

ERPLOOP: 

PHD  potential_resolution_advlsory_status_varlable_deternination; 


SE5OL0TTOR  XDTISORXBS  BTALPXTIOR  ROOTIHE  LOS-LEVEL  LOGIC 
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PBOCESS  relative_features_evaluat ion; 


^hese  features  are  called  relative,  because  their  function  is  to  order  the  set 
of  potential  resolution  advisories  relative  to  each  other.  It  is  not  necessary 
for  any  of  these  features  to  be  set  for  the  potential  resolution  advisory  that 
is  ultiaately  selected  to  resolve  the  conflict. > 

<absolute  features  are  first> 

PBRPOBB  feature_PSSP_GE_SSP1 ; 

I£  (HUB  not  called  fros  Conflict  Resolution  Oats  Task) 

THEB  PgarOPB  feature_reinforce_res_adv_fros_non_connected_site_or_BC»S ; 
ELSE: 

PEBPOBB  feature_terrain_or_obstacle_alert; 

<Dosino  features  are  here.> 

PEBPOBH  feature_aircraft_f ar_fron_radar: 

PEBPOBH  feature_negati  ve_resol  ution_a  dvisories_.su  ff  ice; 

PEBPOBB  feat ure_negat i7e_resolut ion_advisories_do_not_reverse_naneuver ; 

PEBPOBB  fea  ture_f ast_ansaneuvered_slo*_aaneuvered; 

PEBPOBB  f  eat  ure_unaaneu  vered_»  it  h_  large.,  vert  ical_r  ate; 

PS8P0BB  f eat ure_no_level_off_tise_for_ verticals: 

PERPORB  f eat ure_non_respon se_to_ posit ive_resoluti on_ad visor ies_detected ; 

PEBPOBB  feature_a ircraft_on_f inal_approach ; 

PEBPOBB  feature_in it  la l_re so lution_advisory_se lection ; 

PEBPOBB  feature_PSEP_GE_SEP2; 

PEBPOBB  feature_cospatible_vlth_turn; 

PEBPOBB  feature_big_vertical_niss_distance; 

PEBPOBB  feature_big_horizontal_niss_distance; 

PEBPOBB  sane_*eight_calculations:  <give  big_TBD  and  big_HHD  the  sase  veight> 

IP  ( BiEB  not  called  froa  Conflict  Besolution  Data  Task) 

TBEB  PEBPOBB  feature_reinf orces_prior_resolut ion_advisorles; 

ELSE: 

PEBPOBB  feature_speed_check; 

PEBPOBB  feature_reinforces_turn; 

<tie-breaking  featu-e  is  last> 

EBP  relative_features_evaluation; 

-  BESOIOTIOB  iPTISORIES  ET ALOhTIOR  BOOTIHE  BIGR-LETEL  LOGIC  - — - 
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PBOCESS  relative_features_evaluation; 

<These  features  are  called  relative,  becaaae  their  function  is  to  order  the  set 
of  potential  ms  relative  to  each  other.  It  is  not  necessary  for  any  of  these 
features  to  be  set  for  the  potential  BA  that  is  selected  for  resolution. > 

<absolnte  features  are  first> 

PEBPOBB  feature_PSEP_SE_SBP1; 
u  [BBBCAP  la  STBOE) 

»BEB  PEBPOBB  feature_reinforce_rea_adv_fr on_non_connected_site_or_BCAS ; 

SlSi: 

eggraia  teature_terrain_  ,or_obst  a cle_a lert : 

<Doaino  features  are  here.> 

PEBPOBB  feature_aircraft_far_frou_radar; 

PEBPORH  featata_negative_tesolation_advisorles_suf fice; 

PBBPO°B  feature_negative_resolution_advisorie8_do_not_reverse_naBeuver: 

PEP.PQBB  featare_fast_unaaneuvered_slo*_>aaseuvered; 

PEBPOBB  feature_unaaneuvered_i»ith_large_vertlcal..rate; 

PEPfQFS  feature_uo_level_off_tine_for_ verticals; 

PEBPORB  f eat ur e_non_respon se_t o^posit 1 ve_resolut ion_ad visor ies_detected; 

PEBrOBB  feature_aircraft_on_final_apprench; 

PEBPOBB  feature_initlal_resolution_advisory_selection; 

PEBPOBB  f eature_pSEP_GB_SBP2 ; 

PEBPOBB  feature_coepatible_wlth_turn; 

PEBPOBB  feature_blg_vertical_»iss_distnnce; 

PEBPOBB  feature_big_horizontal_aiss_distance; 

PEBPOBB  saae_veight_calculatlons; 

If  (BRBCtP  Ifl  JTB0E) 

THBB  PEBPOBB  feature_reiaf orces_prior_resolut ion_advisories; 

ELSE; 

PEBPOBB  ?eature_speed_chect; 

PEBPOBB  feature_reinforces_turn; 

<tie-brea*ing  feature  is  last> 

Ufi  relative_features_evaluation; 

-  BESOLOTIOB  advisories  epaujatiob  booties  low-lbtbl  logic  - 
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PBOCBSS  resolution_adyisory_conpattblllty_»ith_e*lsting_coBfllcts; 

<If  bo  resolatioB  advisory  atta  bay*  all  abaolata  faatoras  aat  after 
evaluating  tha  tvo-bc  definition  of  tha  features,  avalaata  tba  BOltl-bC 
definition  of  tha  Baneuvered_unnaneavered  conflict  faatora.> 


LOOP: 

Oat  Bast  potaatial  resolution  advisory  sats; 
g II TIP  (bo  aora  potaatial  raaolation  adyisoclaa  aats) ; 

U  (all  abaolata  faatacaa  othar  than  aanaayarad_anaananyarad  ara  sat) 
TflgB  tUQM  feature_Baneuvered_unBaneuvered_conflict_Bultl_bC_ 

dsflBitlon 

lisp: 

X£  (all  abaolata  faataraa  sat) 

THEM -lncraaant  counter  of  BIOS  with  all  abaolata  foatarea_set; 
ELSE: 

smaaii 

312  re«iolutioo_advisory..coapatlbUity_*ith_e*l8tlng_confllcts: 


-  HBS01WI0B  l  DTI  SOU  IS  mtObTIOB  BOOTIES  SIOB-LETSi  100IC  - — 
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PROCESS  resolation_ad»lsory_cospatibllity_*ith_existing_confHcts; 

1221; 

Set  next  potential  RA  sets; 

BIITIf  (no  sore  potential  RAS  sets)  ; 

11  ((TaADS.TSATBITS  (1)  12  STBOB)  JJUJ  (TBADS. PEATBITS  (2)  12  STBOB)) 

IBP  (TRIPS.  PBATBITS  (3)  12  *BUSB) ) 

THEE  PSBBOBH  featore_saneaTerea_unsaneo»erea_confllct_iulti._iC.. 

definition; 

1151; 

I*  ( (TRADS.  f  EATBTTS  (1 )  12  STROE)  Ug  (TRADS .  f  EATBITS  (2)  12  STROE) 

HD  (TRADS.  FE1T8ITS  (3)  12  STBOB)) 

THEE  SPRAABS  »  SPBAA3S  ♦  1; 

EtSE; 

isntoop; 

EHP  resolution_adTisory_coapatibility_«ith_<existlng_confHets; 


SESOLOTIOB  ADTI30RI BS  EYALOATIOR  BOOTIES  lOB-tBYEL  IOSIC  - 
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PB0CB3S  saao_valgbt_calcnlations; 

<Tha  affact  of  this  procaaa  ia  to  giro  'larga  horizontal  alas  dlatanca'  and 
• larga  vartical  alas  dlatanca'  tha  saaa  might. > 


LOOP: 


Sat  tha  nazt  SIDS; 

BI1TIF  (no  aora  BIDS); 

U  (larga  vartical  aiaa  dlatanca  faatnra  aat) 

MB  IP  (larga  horizontal  aiaa  dlatanca  faatnra  not  aat) 

TBBB  SBT  larga  horizontal  aiaa  dlatanca  faatnra; 

Idd  thla  faatnra' a  valght  to  tha  BIDS  total  value; 

ELSE: 

ELSE  IF  (larga  horizontal  aiaa  dlatanca  faatnra  la  sat) 

THEB  SBT  larga  vartical  alas  dlatanca  faatnra; 

idd  thla  faatnra 'a  valght  to  this  BIDS  total  valna: 


EBPLOOP: 


Hill 


EBP  saae_*elght_calculations; 


BESOLOTXOI  1DVIS0B IBS  ITILOITZOB  BOOTIIB  BISH-LEVEL  LOGIC 
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PROCBSS  saae_«eight_calcolations 


LOOP: 

Get  the  next  RIDS; 

BXITIP  (no  aore  BADS)  ; 

IP  (TRADS.  PBATBITS  (20)  JEfl  STBOB) 

THBS  JP  (TS ADS.  PBATBITS  (2 1)  ■  SPALSRj 

T8B1  TRADS.  PEI  TBITS  (2t)  »  JTSOB: 

TRIOS. T ALOE  -  TRADS.  RA108  ♦  BIGRtGT; 

BLSB: 

BLS8  U  (TRADS. PBATBITS  (21)  J2  STROB) 

THBR  TRADS. PBATBITS (20)  -  STROB: 

TRADS. PALOB  -  TRADS. PALOS  ♦  BIGPWGT: 

SLSI: 


BSD  saie_«elgli*._ca  lea  lat  Ions; 


RBSOLOTIOR  ADPI30RIES  BPALOATIOR  ROOTIRB  LOW-LBPBL  LOGIC 
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!  PROCESS  tie_brealcer_features_evaluatlon ; 

[ 

<This  process  is  perforaed  whenever  two  or  sore  potential  resolution  advisory 
sets  are  found  to  be  equal  in  value  after  the  relative  features  have  been 
evaluated.  This  process  coapares  predicted  separation  values  to  select  a 
single  resolution  advisory  set  as  the  best.> 

If  (count  of  aaxiaua-value  resolution  advisories  £2  1) 

THEM  IT  (negative  suffices  for  aaxiaua-value  resolution  advisories) 

TqEB  PEBBOBH  featnre_biggest_separatlon_for_negatives; 

ELSE  PEBBOBH  feature_biggest_separation_for_positives; 

Else;  <  no  tie  > 

g«D  tie_brealcer_features_evaluation: 


— - - —  BESOIOTIOB  »DTI50RIBS  STALUITIOH  ROOTIRE  HIGH-LEVEL  logic 
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PHOCBSS  ti«_btealc«r_featuras_aTal  nation: 


JP  (H0BP8H  Si  1) 

THBB  IP  (B1DSPTB.  BBGiTlTB  12  ITBUS) 

TB8E  PBRPQ88  faatnre_blggnnt..»nparation_for_nngati»nn; 
BLS8  PBBF08H  faatnra_biggant_anparation_for_ponttira»: 

;tSB:  <  no  tin  > 

2 HP  tie_break«r_featar*a_.aTaluation: 

I 

r 


i 


PROCESS'  tvo_lC_horizontal_aaueuvered..unnaBeuvered_conflict.>deterBlnatlou: 

<If  a  aaneuvered  1C  la  the  subject  pair  la  unaauauvered  in  anothar  pair 
that  is  being  resolved  using  a  horizontal  rasolution  advisory,  than 
this  RIDS  aay  not  ba  uaad  to  raaolva  this  conflict. > 

LOOP: 

Sat  nazt  pair  racord  associated  with  this  conflict  table; 

EIITIF  (no  aora  pair  records)  ; 

IF  (subject  ic  in  this  pair  racord  HD  this  is  not  the  subject  pair  racord) 
THEH  IF' (subject  ic  has  no  horizontal  rasolution  advisory  and  other 
1C  has  a  horizontal  resolution  advisory) 

THE!  CLE1B  aaneuvarad_annanouvered  conflict  feature; 

ELSE; 

ELSE; 

EBDIOOP: 


EBP  t»o_ic_horlzontal_aaneuvered_unaaneuvered_confllct_deternination; 


BESOLOTIOB  lDVISOEIBS  ET1L01TIOB  EOOTIBE  BIGH-tEVEl  LOGIC  - 
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PBOCBSS  t  vo_kC_h°rLzontal_aaiiaaTarad_anaanaa*arad_coafllct_datariination; 

LOOP; 

Gat  Mxt  pale  racord  aaaodatad  vitk  tfcia  conflict  tabla: 

311211  (no  aora  pair  racords)  ; 

1£  (  (kCIP  £Q  TPSEC.acl.PkC.aCID)  SI  (SC1D  ££  TPSEC.  ac 2.  PkC.  kCID) 

IIP  (TP11C  11  paten 
them  iz  (TPtic.p»c.fu i  is  stoats) 

Tttt  TlkDS.  PtkTtXTS  (!)  •  tPkUt; 

aut 

ELSE; 

ESDLOOP; 

ESP  t*o_kC_hori'ioi>'tal_BaiinoTnrnd_<innannapnrnd_coiifllct_dn'tnrilBatloB: 


R ESOLPTIOfl  kOTISOSTBS  ETktOkTIOt  ROOTISB  LOf-tSTBL  LOSZC 
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U&SU3  t*o_lC_resolation_logic_vertical_resolution_advisories_  select  ion: 

<Tbls  Is  tbs  'sight  second  cals'  dsscribsd  la  tbs  text.  This  logic 
selects  opposits  ssnss  vertical  cssolation  advisories  for  sach  xc.> 

IT  (RlEE  callsd  fcos  Conflict  Rssolation  Data  Task) 

<a  pair  cscocd  aa y  not  exist  if  callsd  froa  Conflict  Resolution  Data  Task> 
an  project  altitude  of  sach  iC  ahsad  sight  (8)  seconds; 

If  (projected  altitude  of  first  XC  projected  altitude  of  second  XC) 
HI!  esrtical  resolution  advisory  for  first  XC  is  Cliab; 

Vertical  resolution  advisory  for  second  XC  is  Descend; 

ELSE  vertical  resolution  advisory  for  second  XC  is  Cliab; 

Vertical  resolution  advisory  for  first  XC  is  Descend; 

ELSE  IE  (a  vertical  resolution  advisory  is  in  the  pair  record) 

THEE  save  the  vertical  resolution  advisories  in  the  pair  record 
as  the  selected  vertical  resolution  advisories; 

££  (either  XC  does  not  have  a  vert  res  adv) 

THEE  SET  vert  res  adv  tor  that  1C  to  vert  res  adv 
opposite  to  that  of  other  XC; 

mil 

mi  project  altitude  of  each  XC  ahead  eight  seconds; 

H  (altitude  of  first  XC 

projected  altitude  of  second  XC) 

THEE  vertical  resolution  advisory  for  first  XC  is 
cllsb; 

Vertical  resolution  advisory  for  second  XC  is 
descend; 

SUi  vertical  resolution  advisory  for  first  1C  is 
descend; 

Vertical  resolution  advisory  for  second  XC  is 
clinb; 

SEP  t*o:_XC_reaolution_logic_vertical_renolutlon_advisories_  select  ion; 


- - -  IBSOLOTZOE  10VI30RIE3  BVXIOITIOE  SOOTIBE  HIGH-lEVBl  LOGIC 
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PROCESS  t *o_AC_resolnt ion_logic_ver* lea l_resolution_advisories_se lection: 

If  (NRNCAP  12  SPALSE) 

THEN  ZSSEC1  »  ACID1.Z  ♦  ACID1.ZD  *  T780LB: 

Z8SEC2  »  ACID2.Z  ♦  ACID2.ZD  •  T7R8LE; 

If  (Z8SEC1  £5  Z8SEC2) 

THEM  7ERTRA1  ■  SCL; 

7ESTR12  -  JOES; 

ELSE  7EBTHA2  «  SCL; 

7EFTRA1  -  IDES; 

ELSE  If  ((PREC.  ad.PTHAN  E£  SNtJLLRBS)  Of  (PREC.  ac1.P7 HAN  E£  SNORES)  Of 

(PREC.ac2.P7NAN  E£  SNOLLHES)  Of  (PREC. ac2. P7HAN  Efl  SNORES)) 
THEN  7ERTRA1  =  PR  EC. acl . P7H AN; 

7ERTRA2  »  PREC.ac2. P7HAN ; 

If  (7BRTSA1  ffl  SNORES) 

THEN  VEHTRA1  »  opposite  vertical  RA  to  vebtr A2 ; 

ELSE  If  (7ERTRA2  f2  *»OHES) 

THEN  7SRTRA2  »  opposite  vertical  RA  to 
7ERTBA1 ; 

ELSE; 

ELSE  Z8SEC1  »  ACID1.Z  ♦  ACID1.ZD  *  T7R0LE; 

Z8SEC2  »  ACID2.Z  ♦  SCI 92. ZD  *  T7RSLE; 

If  (Z8SEC1  Sf  Z8SEC2) 

THEN  7BRTRA1  =•  SCL; 

7ERTRA2  ■  SDBS; 

ELSE  7ERTR11  »  SDES; 

7ERTRA2  -  SCI; 


SNp  t wo_AC_r esolnt ion_logic_ver tical_cesolnti on_ad visor ies_se lection: 


RESOLUTION  AD7IS0RISS  E7ALOATION  ROUTINE  L0N-LE7EI,  LOGIC 
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PBOCESS  tvo_tc_vertical_saneuvered_unBaneuvered_confHct_deteraiuation; 

<lf  a  aaneuvered  1C  In  the  subject  pair  is  unaaneuvered  in  another  pair 
that  is  being  resolved  using  a  vertical  resolution  advisor?,  then 
this  BIOS  aa?  not  be  used  to  resolve  this  conflict. > 


LOOP: 


Set  next  pair  record  associated  vith  this  conflict  table: 

Ell TIP  (no  sore  pair  records) : 

IP  (subject  1C  in  this  pair  record  1ED  this  is  not  the  subject  pair  record) 
THEN  IF  (subject  1C  has  no  vertical  resolution  advisory  and  other  1C 
has  a  vertical  resolution  advisory) 

THEE  CLE1B  aaneuvered_unsaneuvered  conflict  feature; 

£I££: 

ELSE: 


1121221; 


ESP  t vo_lC_vertical_aanauvered_unaaneavered_conflict_deterainatiau; 


-  ggSOLnZOK  1DPISOPI8S  STltDlTIO*  BOPTIBE  HIGH-LBTIL  LOGIC 
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PROCESS  two_lc_Tertlcal_aaBeuTered_an*ananTered^confllet_deterelnation; 


LOOP: 

Set  next  pair  record  asaociated  tilth  this  conflict  table; 

EIITIP  (no  aore  pair  records) ; 

IP  ( (ACID  Sfi  TPHSC.acl.PhC.lCIO)  21  (hCIO  ££  TPHEC.ac2. PIC.  1C1D) 
1HD  (TPHSC  Hi  PB2C)) 

THBH  XE  (TPHBC.  THIS  SfOHES) 

THBH  TS10S. PB1TBITS f 3)  »  (P11SB; 

ELSE; 

ELSE; 

BBDIOOP; 


"HP  teo_lC_»ertical_ianeu»ered_iinaaneaTered_conflict_detereination; 


SSSOtOTIOH  IDfISOIIBS  BfltOlTJOH  SOUTIHB  lOH-tBTBL  tOOIC 


13-P17T 


PROCESS  vertlcal_divergence_logic: 

Compute  true  horizontal  tau: 

IP  (1C  are  converging  vertically) 

THEM: 

EISEIF  (relative  altitude  difference  ^2 

negative  vertical  resolution  advisory  threshold) 

THEM  i 

EISEIF  (1C  are  diverging  horizontally) 

THEE ; 

CTHSREISE  determine  the  look-ahead  tine  as  the  minima  of  true  tau,  and  a 
parameter: 

Compute  relative  altitude  separation  at  the  look-ahead  time: 

£F  (relative  altitude  separation  £2 

negative  vertical  resolution  advisory  threshold) 

THEE  SET  values  in  vsoi  array  for  1C  maneuvering  vertically  to 
relative  altitude  separation  at  look-ahead  time; 

Et.SE; 


ESP  vertical_divergence_logic; 


BESOtPTIOE  10VIS0HIES  BV1101TI0H  BOOTIES  HIGH-LEVEL  LOGIC 


13-P178 


PtOCgSs'  ▼•rtical_aiT«rg*nc«_logic; 

PIT  (TH,  T21,  TZ2,  TTHD)  i 

T1ITH0  *  BLBBTBT.  BIBGE2  /  BIEBTST.  DOT; 
ll  (BtBHTBT.TT  21  0) 

mi! 

BlSBir  (BLEHTBY.  ILT  JX  1ST  DAT) 

an: 

BisBir  (tpthd  ii  0) 

ISli: 

OTHEBWISB  TH  «  HI  I  (TBTHO.  HSYDTTJ  : 

T21  -  ICID1.Z  ♦  (ICID1.2D  *  TH)  ; 
T22  -  HCID2.Z  ♦  (ICI02-Z0  *  TH)  ; 
TTHD  «  IBS(TZ2  -  TZ1)  ; 

IB  (TTHD  21  1SEP) 

THBH  THDM2)  «  TTHD**2; 
THDM3)  -  TTHD**2; 

ySD  ▼•r*ical_ai»«rg»nc«_logic; 


BESOWTIOI  BDYISOBXBS  EYBLOATIOB  SODTIHB  LOT-tBTBI  LOGIC 


PROCESS  l_list_backvard_donino_search; 

<Search  backwards  (decreasing  X  Talues)  on  the  I-list  an  til  the  lover  doeino 
search  Halt  is  reached  or  there  are  no  sore  AC.  Do  not  include  state  vectors 
that  are  signposts  or  xc  that  are  currently  in  conflict  with  the  subject  AC. 
also,  don't  include  1C  in  a  final  approach  zone  if  the  subject  xc  is  also 
in  a  final  approach  zone. > 


LOOP: 

Set  next  KC  in  direction  of  decreasing  Z  on  I-list; 

EIITIf  (no  sore  AC  Z  position  of  next  1C  JJ  Z  lover  Halt)  ; 

TP  ((next  AC  not  in  a  conflict  pair  with  the  subject  1C)  AhD 
(next  state  vector  is  not  a  signpost)  1HD 
(both  XC  are  not  in  a  final  approach  zone)) 

THBS  IP  (next  1C  T  position  vithin  T  search  liaits) 

THEM  PEBPORR  dOBino_coarse_screen_altitude_conflict_test: 

1151: 

BISS: 

PHD  X_list_backvard_doaino_searcb;' 


RESOLUTION  ADVISORIES  ERUDITION  SOOTIRB  HIGH-LEVEL  LOGIC 
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PROCESS  X_list_backward_doslno_search; 

1221: 

Get  next  AC  in  direction  of  decreasing  X  on  X-list: 

PXITIT  (no  sore  AC  21  *  position  of  next  AC  H  X  lower  Halt)  ; 

IF  ((next  AC  not  in  a  conflict  pair  with  the  subject  AC)  AMD 
(NIT AC.  SPIOPG  82  IPALSB)  VJO 
(both  AC  are  not  la  a  final  approach  zone)) 

THEN  II  (<YL  11  NXTAC.T)  HJJ  (NXTAC.  T  U  TO) ) 

THEN  PEBEOEH  dosino_coarse_screen_altitnde_conf lict_test 

list: 

Ull: 

5121221 

ENO  X_list_bachward_doslno_search: 


-  EESOIOTIO*  AOTISORIES  ETAtOATION  SOOTINE  tOt-LSTEt  LOGIC 

13-P181 

_  .♦  *  ■  rTHfciH»hNli  i  1  -  -  r«ee-  -  .  .  ~9- 


PBOCBSS  X_list_4onino_search; 

<This  procedure  perforas  the  search  of  the  I-llst  around  the 
subject  tc  within  the  doaino  coarse  screen  search  Units.  > 

PEBEOBH  X_list_f orward_doaino_search; 

PBBBOBH  X_list_backward_doaino_search; 

EBP  X_list_doaino_search; 


BBSOLOTTOB  HDXTSOBTBS  EThLOktIO*  HOOTXIB  BI0H-l.8»n  J.QSIC 


13-P182 


PBOCBSS  l_lis*_doalno_saarch: 


P1R»QB  1  X_l.ist_f  or«ard_dcnino_search: 


PBPPOPil  X_list_back»ard_doaino_search; 


iWD  x_list_doaino_search: 


RSSOUJTIOH  A07XS0RX SS  BTXLUXTIOH  ROOTISS  L0B-L272L  LOGIC 

13-P183 

--ss-' 


PROCESS  X_1 i st_donino_searc h_li mi ts_c simulation s; 

^alcula^e  the  T-list  search  limits  by  adding  the  X-lis*-  doaino  buffer  area 
to  the  subject  AC  domino  area.> 


Add  maximum  horizontal  range  to  upoer  TRY  values  of  subject 


AC  domino  area 


Subtract  maximum  horizontal  range  fro*  lower  X  S  Y  values  of  sublect  AC 
doaino  area: 


Add  maximum  vertical  range  to  upper  T  value  of  subjec*  AC  domino  area; 


Subtract  maximum  vertical  range  from  lover  ?,  value  of  subject  AC  domino  area 


ETD  X_list_doaino_search_limits_calculations; 


RESOLOTIOR  ADYISORIBS  BYAlOAtlOB  ROOTIBB  HIGH-LEVEL  LOGIC 
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PROCESS  X_list_4oiino_search_liiits_calcolatlons; 

xo  =  xbxx  ♦  rbxx; 

to  =  tbxx  ♦  biux; 

TO  =  TBM  ♦  2BX; 

XL  =■  XBIS  -  RflXX; 

XL  *  THI*  -  RB4X; 

Tt  «  TSIB  -  TBX ; 

EHO  x_list_doiino_search_liaits_calcnlations; 


HESOLOTIOB  ADVISORIES  BVALOATIOR  ROOTIRE  lOf-tSTEt  LOGIC 


13-PT85 


PROCESS  X_list_forward_doaino_search; 

<Search  forward  (increasing  X  rallies)  on  the  X-list  until  the  upper  doaino 
search  liait  is  reached  or  there  are  no  aore  AC.  Do  not  include  state  rectors 
that  are  signposts  or  AC  that  are  currently  in  conflict  with  the  subject  AC. 
Also,  don't  include  AC  in  a  final  approach  zone  if  the  subject  AC  is  also 
in  a  final  approach  zone.> 

LOOP; 

Set  next  AC  in  direction  of  increasing  X  on  X-list; 

SXITIP  (no  sore  AC  gj  I  position  of  next  AC  upper  X  liait) : 

I?  (  AC  not  in  a  conflict  pair  with  the  subject  AC)  AND  (next 
(next  state  rector  is  not  a  signpost)  AHD 
(both  AC  are  not  in  a  final  approach  zone)) 

THEH  IP  (next  AC  T  position  within  T  search  liaits) 

THEM  PEBFORH  doaino_coarse_screen_altitude_conf lict_test: 

USE: 

EL?E; 

EHDLOOP*. 

END  X_list_f orward_doaino_search; 


RESOLUTION  ADVISORIES  EVALUATION  ROUTINE  HIGH- LEVEL  LOGIC 


1 3- PI 86 


pgOCBSS  X_list_fori»ard_doelno_3enrch; 


LOOP: 

Set  next  AC  la  direction  of  increasing  X  on  X-list; 

BXITI?  (no  aore  AC  QS  HXT1C.X  ST  XO)  : 

IP  ((next  AC  not  in  a  conflict  pair  eith  the  subject  AC)  Ail P 
(VXTAC.  SPIDBG  52  SBALSB)  All D 
(both  AC  are  not  in  a  final  approach  zone)) 

THB»  If  ((T L  IS  BXTAC.  T)  A£D  (SXTAC.  T  15  TO)) 

THBM  PBRPOBB  do«ino_coarse_screen_altitode_conf lict_test : 
BLSB: 

5LSS: 

xaptoop: 

BHD  X_list_forward_doaino_search; 


HBSOLOTIOH  ADVISOBISS  BTALOATIOH  BOOT1IIB  LOt-LETBl  LOGIC 


13-P187 


'  ~v  ■*•**., 


PROCESS  X_list_ob ject_AC_doaino_buf fer_area_calculations; 

<Calculate  the  iai  distance  that  an  AC  on  the  X-lis*  can 
travel  during  the  doaino  prolection  interval.  This  distance 
is  based  on  the  aax  speed  of  an  AC  on  the  X-list,  an  assumed 
vertical  velocity  and  the  aaxiaue  detection  threshold  valnes.  > 

Calculate  the  aaxiaua  horizontal  rangeas:  aaxiaua  X-list  velocity  • 

(aodeling  delay  period  ♦  4  *  scan  tine  *  aaxiaua  detec*  threshold)  ♦ 
aax  iaaediate  range  separation  threshold; 

Calculate  the  aaxiaua  vertical  range  as;  aaxiaua  vertical  velocity  * 

(aodeling  delay  period  ♦  4  *  scan  tiae  ♦  aaxiaua  detection  threshold) 

BUD  X_list_ob ject_AC_donino_buf fer_area_calculation  s; 


RBSOHJTIOB  ADYISORIBS  BYIIUATIOI  RO0TIRB  HIGB-LEYEl  LOGIC 
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PROCESS  l_list_ob ject_lC_doeino_baffer_area_calculations; 

<Calcalate  the  m  distance  that  an  1C  on  the  x-list  can 
travel  daring  the  doeino  projection  interval.  This  distance 
is  based  on  the  aaz  speed  of  an  1C  on  the  E-list,  an  assased 
vertical  velocity  and  the  sazinaa  detection  threshold  values. > 

BRIE  «  XTBL  *  (DBL1T  ♦  OOBSC1IS  *  STSTEB.SCIRT  ♦  TLD)  ♦  PDTBL.  SCOiTH  (3) 

ZRX  »  CSCBBBN.  ZE1ST  *  (DBL1X  ♦  OOSSCIBS  *  STSTBR.SC1ST  t  TLD)  ; 

EBP  X_list_object_iC_dosino_bnf fer_area_calculations; 


tBSOLOTTO*  IDTISOBIBS  ETILOITIOR  BOPTISB  LOl-LBVEl  LOGIC 


BOOTIES  COBPOTIITIOH_OF_TOBH_COBST»BTS 

IE  (Horiaontal  Telocity  of  aircraft,  tiae  interval) 

OPT  (Turn  constants)  : 

<  This  routine  cospates  the  constants  used  to  aodel  a  turn.  > 

Coapote  turn  rate  in  radians/sec,  assuaing  a  bank  angle  of  BIRKA; 

Compute  turn  constants  froa  tarn  rate  and  tiae  interral: 

SEP  COHP<mTIOR_OF_TUBH_COHS?lhBTS; 


BESO10TIOR  10TIS0HIBS  E7 1LUATI0R  BOOTIRE  SIGH-LETEt  LOGIC 


13-P190 


SOOTISg  COaP0TATIOS_OF_TOSS_COSSTASTS 
12  (TSQ,  TIST) 

231  (33223  Toscos.ac) 

FLT  »; 

«  «  G  •  TAS(BASKA)  /  SQST(TSQ)  : 

SA  -  SIS  (S  *  TIST)  : 

CA  *  COS(«  •  TIST)  : 

A  =  (1  -  CA)  /«: 

3  =  SA  /  «: 

*30  C0SPtJTATI03_0r_T0HS_C0SSTASTS: 


assoiotios  adtisosits  evaujatios  botjtibe  los-ievsl  iogic 


1 3-P19  1 


bootibe  contis oe_stb bight 
I N  {Projection  tiee) 

moa^  {X,T  components  of  position  and  velocity) ; 

<  This  routine  projects  an  aircraft  straight  ahead  horizontally.  > 

Compute  ne*  X,T  positional  coordinates  for  the  specified 
velocity  and  projection  tiae  interval; 

EBP  COBTIB(JE_STHB  IGHT ; 


5  ESOLOTTOB  ADVISORIES  EVBUJBTIOB  HOOTIBE  HIGH-LEVEL  LOGIC 


U-P192 


BOOTIES  COSTI BGE_STF1IGHT 
13L  (TIST) 

I  BOOT  (GBODP  GEOB.hor)  : 

GEOS.  I  =  GEOS. X  ♦  GEOS. ID  •  TIST; 
GEOB.T  =  GEOB.T  ♦  GEOB.  TO  *  TIST; 

EBP  COSTIHOE_STB1IGHT; 


FISOLOTIOR  IDVISOBIES  BTMOUTIOS  BOOTIES  LOW-IBTEL ' LOGIC 


13-P1S3 


SOUTINE  C0NVESGENCE_90SIZ0NTAL 

19  (Horizontal  positions  and  velocities  of  two  aircraft) 

OPT  (Horizontal  relative  positions  and  velocities, 

indication  of  horizontal  convergence  or  divergence) ; 

<  This  routine  detersines  horizontal  convergence.  > 

Compute  horizontal  position  of  aircraft  2  relative  to  aircraft  1; 

Compute  horizontal  velocity  of  aircraft  2  relative  to  aircraft  1j 

Compute  horizontal  DOT:  <  range  *  range  rate  > 

END  CC:iVEHG?SCS_90RIZ0NTAL; 


RESOLUTION  ADVISORIES  EVALUATION  ROUTINE  HIGH-LEVEL  LOGIC 


13-P194 


ROOTHIB  COHTBBGBSCB_HOHISOHTILL 

II  100222  GEOfl.horl,  GBOOP  GBOH.hor2) 
00?  (GBOOP  S0CV8L.  relati*e_geo«etrr)  ; 

BX  «  GB0fl.hor2.X  -  GBOH.horl.I; 

RT  «  GBOfl.  hor  2.  T  -  GEOB.  hor  1  - T: 

TSX  ■  GB0H.hOt2.I0  “  GBOH.hOtl.XO! 
TRT  «  GBOfl.  hor  2.  TO  -  GBOfl.horl.rD; 
TB2  »  XRX“2  ♦  THT*«2: 

DOT  *  TAX  *  RX  ♦  XHI  •  ST; 

FRO  COHi;SG?HCB_HOBI?OHThl: 


RBSOLOTIOH  4DTIS0HIBS  BTHOXTIOH  HO0TIHB  LOf-LETEL  LOGIC 


13-P195 


BOOTHE  CO»YE8GB!ICE_3D 

IK  (Positions  and  velocities  of  tvo  aircraft) 

OPT  (Relative  positions  and  velocities  (rsrtical  weighted)  , 
indication  of  convergence  or  divergence)  ; 

<  This  routine  daterainas  3-D  convergence.  Vertical  is  vaightad  by  HEIGHT:  1.  > 

Coapute  position  of  aircraft  2  relative  to  aircraft  1; 

Cosputa  velocity  of  aircraft  2  ralativa  to  aircraft  1; 

Coapute  3-D  DOT;  <  slant  range  •  rate-of-change  of  slant  range  > 

2HD  COH?ERGEHC2_3D; 


-  BESOLOTTOI  HDVISOHIES  EYDIOITTOH  SOOTHE  HIGH-tETEI  100IC 
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BO OTIHt  C0ITBIGEBCB_3D 

U  (GIOPP  GBOS.horl,  GIOPP  GEOB.  Tar  1 ,  GBOOP  GEOB.hOr2,  GBOOP  GEOB.T«r2) 
OPT  IGBOPP  BODTBl.r«lati»«_g«o««*ry) : 

IX  -  GEOB.  hoc2.  X  -  GEOB.borl.X; 

IT  «  GEOB. hor 2.  T  -  GEOB.borl.T; 

R2  »  (GEOB.  T«r2.  Z  -  GEOS.  Torl.Z)  •  TIEIGBT; 

TPX  •  GEOB.hOC2.XD  -  GEOB. borl . ID; 

TIT  -  GEOB.  hor 2.  TD  -  GEOB.  hor  1 .  TD; 

T3Z  -  (GE0B.Tor2.ZD  -  GEOS.  TOr  1.  ZD)  *  TIEIGBT; 

TI2  »  TIX»“2  ♦  TST**2  ♦  TIZ««2; 

D0'r  »  IX  •  TIX  ♦  IT  •  TIT  ♦  BZ  •  TB2: 

EBP  C0BTEIGEICE_3D; 


RESOLPTZOI  IDTISOIZES  ETXIOXTIOI  BOOTHE  LOT-LETEL  LOGIC 


BOOTIES  DOSIHO_BBS01tJTIOB_Tl(J_lBD_PROXIHITY_COBPlHISOSS 
IX  (resolution  advisory  thresholds) 

00?  (resolution  advisory  flag)  ; 

<Detersines  If  resolution  advisory  flag  Is  sst  for  ths  subject  IC-donlno 
object  1C  palr.> 

(ic  violating  horizontal  resolution  envelops) 

THEE  indicate  fiorltontal  prozlslty; 

ElSEir  (1C  will  violate  horizontal  resolution  envolope  soon) 

THEM; 

OTHERWISE  failed  horizontal  tests; 

IX  (1C  violating  vertical  resolution  envelope  presently) 

THEM  indicate  vertical  proxlaity; 

ELSEIf  (1C  will  be  coaltitude  soon) 

xm; 

91BSR»ISE  failed  vertical  tests; 

IX  (all  tests  passed) 

THEE  SB?  output  flag; 

ELSE : 


SIX  DOBIHO_RESOLOTIOH_T10_1HO_PROIIHITT_COBP1HISOES; 


IE SC LOTI OB  19T1SORXES  EflLOlTIOE  B00TIB1  HIOH-tBVEl  LOGIC  - 


13-P198 


800TIHE  DOflISO_RESOLOTIOB_TA0_A8D_PROXI HITT_COBPA BI SOUS 
UJ  ( 5 PROCTOR E  DR173L) 

OPT  (PCSDPLG)  ; 

PL  AG  SORBS; 

SORES  «  SEAL  SB; 

JP  (DRASGB2  iT  DRC8D2  *  RAPARS. BZP2) 

THE8: 

ELSEIF  (DTH  IT  PTC  SDH) 

I3iSJ 

OTHERWISE  SORES  =  STROE; 

IP  (DALT  LT  DAP  *  RAPARS. BZP) 

IBM: 

ELSEIP  ( (DT7  GE  0)  MS  (DTP  LE  DTCSD7)) 

"•fgs: 

OTHERRISE  SORES  »  STROP; 

IP  (SORES  J2  SPALSE) 

TIES  DCHDPLG  =  STROE; 

ELSE  DCSOPLG  =  SPALSE; 

ESP  DOHISO_RBSOLOTIOH_TAO_ASO_PROXISITT_CORPAFISORS; 


RPSOLOTXOR  AD7IS0RI BS  B7ALOATIOR  ROOTIRB  LOt-LETBL  LOGIC 


13*9199 


Iflgmi  0O«l»0.TI0_»SD_»*OXIHITT_TB8BSHOtD_DETBSlIi»TIO» 

U  (absolute  value  of  relative  vertical  velocity,  aacoaotar  area  type, 
conflict  aultiplicity,  pair  eguipeent  and  control  status, 
and  convergenee/dlvergence  rata) 

OPT  (raaolntion  advisory  detection  thresholds)  ; 

If  (there  is  a  controlled  1C  in  the  pair) 

UU  calcnlate  the  horitontal  controller  alert  tan  threshold; 

Calcnlate  the  vertical  controller  alert  tan  threshold; 

Set  resolution  advisory  thresholds  based  on  controller  alert  thresholds; 

SLSB  C1LI  DO(IIRO_tmCO!l_0RCO  R_ISDEX_DITEIHI>  ATIOR  ; 

Set  resolution  advisory  thresholds  based  on  nuaber  of  1C  in  the  conflict; 

»SP  D0niItO_T»0_»BD_PH0XIHlTT_tHBlSH0LD_0BTB*HlBm0»; 


HBSOLUTXOE  1DTIS0IIIS  STIIOITIOB  IOOTIRB  BIOS-LEVEL  LOGIC 


13-PJOO 


ROOTINB  DONINO_TAP_AND_PROJCIHITT_THRESHOLD_DETERflINATTOR 
I H  ( V RE  A , EH A t , SOL? , PS EQ , PRCOHT , DOT ) 

OUT  (GROUP  DRAVBt)  ; 

FIT  (VRZA,  DOT)  ; 

XHT  (EH AT,  HPLT,  PREQ,  PRCOHT)  ; 

l?  (PRCOHT  HE  SHOCONT) 

THEN  TORH  =  PDVBL.THARN  -  ( (PDVBt.  RCOHTH  *  R)  /  DOT; 

?R7A  =  HI N ( VR7  A,  THRSP ARH. VRZCOH)  ; 

TCOHV  =  PD7BL . TS A RR  -  (PDVBL. ACONTH  /  VRZA); 

SET  GROOP  DRAVEL. thresholds  as  defined  in  Table  13-11; 

ELSE  CALL  DOHI NO_PNCON_PNCON_IN  DEX_DETERHIR ATIOR 
IN  (HOLT) 

OPT  (POIND) ; 

SET  GROOP  DR AVBL. thresholds  using  Table  13-11; 

END  DOHIRO_T AP_AND_PROXIHITT_THRFSHOLD_DETERHIN ATION ; 


RESOLPTI OH  ADVISORIES  EVALOAT ION  ROO^INE  LOR-LEVEL  LOGIC 


13-P201 


BOOTIljg  DOBINO_(J?ICON_0!lCOB_I80EX_DETEBaiRATION 
IS  (BOLT) 

OPT  (OOIBD)  ; 


IZ  (nunber  of  AC  In  this  conflict  cluster  5J  H) 

"‘RBil  SET  index  to  2: 

ELS EXE  (neither  or  both  ATASS-equipped) 

THE8  SET  index  to  1; 

2T&EEPISE  jr  (ratio  of  equipped  AC's  speed  to  unequipped  AC's  speed 
threshold) 

THEN  SET  index  to  2: 

ELSE  SET  index  to  1 ; 

END  DONINO_ONCON_tJNCON_IMDEX_DETE8BIN  AT  ION  : 


BESOLOTIOB  ADTISORIES  BTAHJATIOR  ROtJTISE  5IGS-LSTEL  LOGIC 


13-P202 


POPTIBS  OOSIHO_aHCOS_OSCOH_ISDEX_DETEBHI*ATIOS 
IS  (SOL-') 

OPT  (DOtHD)  : 

nr  that: 

1ST  (BOLT,  OOISD); 

1ST  SOLTI  AC; 

1ST  TSO; 

I?  (SOLT  3E  SOLTIAC) 

THES  tJOISO  =  TSO; 

ELSEIE  (neither  or  both  ATABS-eqaipped) 

TEES  aOISD  ■  1; 

O^HSBSISE  VBAT  =  VSQ(eqaipped_AC)  /  TSQ  ( uneqaipped_AC)  ; 
I”  (VBAT  tT  PDPABS.TBATTH)  ; 

THES  OOISD  =  TSO ; 

ELSE  OOISD  -  1; 

ESP  OOSISO_OHCOB_OSCOS_ISOEI_DETEBHISATIOS; 


<nusb«r  of  AC  in  soltiple  AC  conflict  (»)  > 
<locnl  constant:  2> 


S SSOLOTIOS  AOTISOBIES  ETltOATIOS  BOOTIES  LOE-LETEL  L08IC 


BOOTHE  riB»L_»EBTICIlL_HiTB_DE?BHaiB»TIOH 

IB  (Current  vertical  rate  and  horizontal  velocity  for  an  aircraft, 
vertical  resolution  advisory  to  be  aodeled) 

OPT  (final  vertical  rate  to  be  achieved) ; 

<  This  routine  deteraines  the  final  vertical  rate  to  be  aodeled  for 
an  aircraft  for  a  specified  vertical  resolution  advisory.  > 

If  (resolution  advisory  S3  'cliab') 

THEM  If  (this  is  a  'fast*  aircraft) 

THBB  ainiaue  vertical  rate  *  ZDOPP; 

ELSE  ainiaue  vertical  rate  *  ZDPPS; 

Saxiaua  vertical  rate  *  large  positive  value; 

EISEIP  (resolution  advisory  S2  ’descend*) 

THEE  If  (this  is  a  'fast*  aircraft) 

THEE  aaxiaua  vertical  rate  *  -ZDDBSP; 

ELSE  aaxiaua  vertical  rate  *  -ZDDBBS; 

Einiaua  vertical  rate  -  large  negative  value; 

othebeisE  I?  (resolution  advisory  contains  ’don’t  cliab'  or  ’Halt  cliab') 

THEB  select  aaxiaua  vertical  rate  froa  ZDRkX  table; 

ELSE  aaxiaua  vertical  rate  ■  large  positive  value; 

If  (resolution  advisory  contains  'don't  descend'  or  'Halt  descent') 
THEB  select  ainiaue  vertical  rate  froa  ZDBIH  table; 

ELSE  ainiaua  vertical  rate  -  large  negative  value; 

(current  vertical  rate  IX  einiaua  vertical  rate) 

THEB  final  vertical  rate  *  ainiaua  vertical  rate; 

ELSElf  (current  vertical  rate  £X  ■•ziaua  vertical  rate) 

THEB  final  vertical  rate  »  aaxiaua  vertical  rate; 

OTHEBEISE  final  vertical  rate  »  current  vertical  rate: 

EBP  f IIAl_TESTICkL_BlTE_OETEBHIBlT10H ; 

-  BESOLPTZOB  DDT1SOBIES  ETIL01T10B  IOPTIBC  IIGH-IETEL  LOGIC  - 


13-P20* 


BOOTHS  PIH»l_TBSTIC»L_8»TB_DETSBHIH»TIOB 
IS  (ZD.  TSQ.  TESTS!) 

opt  (zdp)  ; 

PIT  (ZDHIB,  ZDH!X)  ; 

U  (TESTS »  12  SCI-) 

THEB  H  (TSQ  SI  TTHSQ) 

THEB  ZD  BIB  -  ZDOPP; 

ELSE  ZDHIB  ■  ZDOPS; 

ZDIUX  -  large  positive  value; 

ELSEIP  (TESTS!  12  IDES) 

"•HEM  IP  (TSQ  ST  TTHSQ) 

THEM  ZDH1X  »  -ZDDBHP; 

ELSE  ZDIUX  -  -ZDDBBS; 

ZDHIB  •  large  aegative  value; 

OTEEBUisE  JP  (TESTS!  contains  'don't  cUsb'  or  'Unit  cliab*) 

THEB  select  ZDH!X  froe  ZDH!X  table;  <  Table  13-6  > 
ELSE  ZDIUX  «  large  positive  value; 

IP  (TESTS x  contains  'don't  descend'  or  'Unit  descent') 

TEES  select  ZDHIB  fron  ZDHIB  table;  <  Table  13-6  > 
E131  ZDHIB  -  large  negatlse  value; 

U  (ZD  u  ZDHIB) 

THEB  ZDP  «  ZDHIB; 

EL 5 El P  (ZD  21  ZDH!X) 

THEB  ZDP  -  ZDH1X: 

OTHTSBI3E  ZDP  -  ZD; 

? BD  »IS!L_T?BTICXI,_S1TE_DBTSBHIH!TT0H: 


HBHOIOTIOH  tDTISOBIES  STILDITIOB  SOOTIBB  LOB-ISTEL  LOSIC 


13-P205 


800TI8E  aiSS_DIST»»CS_H08IZ08TAl 

JJ  (Horizontal  relative  positions  and  velocities  of  tvo  aircraft) 
OPT  (Horizontal  'aiss  distance)  ; 


<  This  rontiaa  coapatss  horizontal  aiss  distance,  assuaing  straight  flight.  > 


IT  (aagnitnde  of  relative  horizontal  velocity  is  very  snail) 

THB8  horizontal  aiss  distance  >  current  range; 

ELSE  coapnte  horizontal  aiss  distance  fron  relative  position  and  velocity; 

ESP  SISS_PISTAHCBJ10HIZ0ST1L; 


9! SO LOTI OS  APVI308ISS  STALOATIOS  800TISB  HIGH-LEVEL  LOGIC 


13-8206 


ROOTIBE  BISS_DISTXRCE_HORIEORTXL 

IB  tGPOOP  10D7BL..relati.ve_geo»et.ry) 

OOT  (1102)  : 

IP  (V72  iT  7RTR2) 

THE*  PD 2  =  RX**2  ♦  RT«*2: 

ELSE  102  =  (RX  *  7FY  -  RI  •  7BX)»*2  /  782: 

PRO  1ISS_DISTiBC*_B0RI20!mL: 


RESOLOTIOB  ADVISORIES  S7XLOXTTOB  RODTISB  LOR-LEVEL  LOGIC 


13-P207 


BOOTHE  HISS_DIST»HCE_3D 

iy  (Relative  positions  and  velocities  of  two  aircraft, 

indication  of  whether  vertical  coaponent  is  to  ba  calculated) 

OPT  (3-D  aiss  distance  (vertical  weighted)  , 

unweighted  vertical  coaponent  of  3-D  aiss  distance)  ; 

<  This  routine  coaputes  3-D  aiss  distance,  assuaing  straight  flight.  > 

If  (aagnitude  of  relative  velocity  is  very  saall) 

THES  3-D  aiss  distance  =  current  slant  range; 

I?  (vertical  coaponent  is  to  be  calculated) 

THEE  vertical  coaponent  »  current  vertical  separation; 

ELSE  Compute  3-d  aiss  distance  froa  relative  position  and  velocity; 

12  (vertical  coaponent  is  to  be  calculated) 

THES  Compute  unweighted  vertical  component  of  3-D  »i3s  distance; 

ESP  S  ISS_  3ISTA  SCE_3D ; 


RSSOLOTIOR  ADVISORIES  ETILOATIOR  BOOTHE  high-level  logic  - 
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ROO^IRB  SISS_DISTAHCB_3D 

IS  (Gg OOP  BOOTS!.  r#latl»«_g«o«*try,  TBRTCOHP) 

OPT  (HD2 ,  TCHD)  ; 

ELI  (A,  B,  C,  TOCA)  ; 

is  (TH2  IT  TRTH2) 

TUTS  HD2  ■  RI**2  ♦  RT**2  ♦  RZ**2j 
IS  (TBRTCOHP  Sfl  STS 02) 

THBR  TCSO  -  ABS(U)  /  TMIGHT) 

BLSS  TCHD  -  0? 

BLSB  A  =  HT  •  TH2  -  RZ  *  THX; 

B  *  RZ  *  TRX  -  RX  *  TRZ ; 

C  *  RX  *  TRI  -  Rf  *  TRXj 

BD2  -  (A**2  ♦  B*»2  ♦  C**2)  /  TS2 1 

IP  (TERTCOBP  Jfl  STSOB) 

THBR  TOCA  -  -DOT  /  TR2? 

TCHD  -  ABS (RZ  ♦  T1Z  •  TOCA)  /  TVIXOBTl 
B1SB  TCHD  ■  0; 

BRD  HISS_DISTAHCB_3D; 


"ESOIOTIOR  ADTISORZBS  BTAIOATIOR  ROOT! KB  LOW-tBTBt  LOGIC 


SOOTIBE  BE01TITE_TIBTIC11_BESOLOTIOB_ADTISORT_HODELIHG 

IJi  (Pointer  to  aircraft  state  vector,  vertical  resolution  advisory  to  be  aodeled) 
IBGOT  (RAPP  table)  : 

<  This  routine  sodels  a  negative  vertical  resolution  advisory  for  one  aircraft, 
and  stores  the  resulting  projections  in  the  S1PP  table.  > 


Access  aircraft  state  vector; 

Access  conflict  table  entry  via  pointer  in  state  vector; 

Obtain  previous  vertical  BA  (if  any)  froa  conflict  table  entry; 
initialize  altitude  and  vertical  rate  to  current  values; 

<  Model  the  delay  period.  > 

Xf  (aircraft  has  a  previous  vertical  resolution  advisory) 

THEM  <  aircraft  is  in  linear  vertical  flight.  > 

CULL  TEHTICAL_ADTARCBHBRT;  <  Ose  current  vertical  rate.  > 
ELSE  <  aircraft  say  be  in  nonlinear  vertical  flight.  > 

PBBPOBa  vertical_only_nonlinear_sodeling_of_delay ; 

<  Model  the  saneuver  period.  > 

PBBEOBH  vert  lea  l_only_aodellng_of_saneuver_period ; 

EBP  IEGATiyE_TEBTIClI._BESOLOTIOB_ADTTSOBI_aOOEI.iaG; 


BESOLOTXOB  ADTISOHIES  ETALOATIOB  SOOVISE  SIGH” LBTEL  LOGIC 
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ROOT I MB  MEGATITB_TERTICAL_RESOtDTIOS_ADTISOBY_aODBLIMG 
II  (ACID,  TBRTRA) 

IMOPT  (RAPP  table) ; 

Access  STBCT  via  ACID; 


1 1  (STBCT.  CTB  JJI  SMDLL) 

THEM  TRAP  »  STSCT.CTS->CTSBTBT. TBAMD; 
BLSB  TRAP  =*  SHORBS; 


Z  =  STBCT. Z; 

ZD  *  STBCT. ZD; 

IE  (TRAP  SB  f MORES) 

T3EM  CALL  TBRTICAL_ADT AMCMEMT 
If  (ZD,  DBLIHT) 

ISOOT  (MTGBOM.Ter) ; 

ELSE  PEREOHM  Tort ica l_only_nonllnear_Boaellng_of_delaT ; 

PERFORM  Ter*-lcal_only_«odeling_of_ianeoTer_perloa; 

BMP  MBCATITB_TERTICAl_RESOHJTIOM_ADTISORT_aODBlIHG; 


-  RBSOL3",IO«  ADTISOBIBS  STAIUATIOV  BO  DTI  VS  10*-IBTEI  LOGIC  - 


1J-PJ11 


PROCESS  vertical_only_nonlinear_aodeling_of_delay 


<  This  process  aodels  ‘.he  vertical  profile  of  aa  aircraft  dnring  the  delay 
period  when  a  previous  vertical  resolution  advisory  is  being  displayed.  > 

PIT  TIS8;  <  local  variable  > 

SiU  eihal_vertical_rate_deterhIHATIOH;  <  Use  previous  displayed  vertical  RA  > 

TIRE  «  0; 

REPEAT  ORTH  (TISE  DEI  AT)  : 

<  Advance  aircraft  by  BELIHT  seconds.  > 

TP  (last  half  of  delay  period) 

TUBS  <  respond  to  any  previous  vertical  advisories.  > 

CALL  TERTI C  Al_  A  DV  A  RC  B  BERT ; 

ELSE  <  advance  at  current  vertical  rate.  > 

CALL  VERTICAL_ADVARCEBERT ; 

TIRE  »  TTBE  ♦  DELIRT; 

EH  PREP  BAT: 

ERD  vertical_only_nonlinear_nodellng_of_delay ; 


-  RBSOIOTIOH  ADVISORIES  EVALOATIOH  ROOTIRB  HIGH-LEVEL  LOGIC  - 
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PROCESS  v4r^ic*I_onIi_aonIin«ar_io<l«ling_of_<lalaf ; 

PLT  (TIBE ,  ZDB)  ; 

CALL  PISAL_VERTICAL_8ATE_DETE8BIBATI0B 
U  (ZD,  SYECT.VSQ,  VRAP) 

OPT  (ZDF)  ; 

TIM  -  0; 

REPEAT  08TIL  (TIRE  DELAY) ; 

(TIBE  GE  DELAY/2) 

THEB  (TALL  VERTICAL_ADV  ARC  EBERT 
XU  (ZDP,  DELIHT) 

I BO or  (BVGEOfl* ¥er ) ; 
ELSE  CALL  YEBTICAL_A DV ABCEBEBT 
U  <Z0,  DBLIBT) 

I BOOT  (BVGEOB. T«r) ; 

TIBE  »  TIBE  ♦  DELIS'"; 

EBPEEPEAT; 

US  »*rtical_OBly_noiilln«ar_ioa«llng_of_il*lay; 


BESOLOTIOB  ADVISORIES  BVALOATIOR  ROOTIBE  108— LEVEL  LOGIC 
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PBOCBSS  vertical_only_nodeling_of_nanenver_period; 

<  This  process  nodels  the  vertical  profile  of  an  aircraft  responding  to  a 
specified  vertical  resolution  advisory  and  stores  the  resalts  in  the  BAPP 
table  for  the  aircraft.  > 

PIT  TIBB;  <  local  variable  > 

Cttt  PlBAL_VBBTlCAL_BATE_DBTBBBIBATIOB;  <  Use  vertical  BA  to  be  eodeled.  > 

txhe  »  TISIMT  /  2;  <  Use  tine  at  aiddle  of  each  interval.  > 

BBPEAT  WHILE  (TIBE  £E  TBVSAH) : 

<  Advance  aircraft  by  TIBIHT  seconds.  > 

CALL  VEBTlcAt_ADVAHCBHEHT:  <  Ose  final  rate  for  nodeled  vertical  BA.  > 

<  Store  data  in  BAPP  table/  if  appropriate,  > 

IP  (it  is  tine  for  an  entry  in  the  BAPP  table) 

THEB  store  vertical  position  and  velocity  in  BAPP  table  entry 
for  ’negatives'  level; 

TIBE  »  TIBB  ♦  TIBIBT; 

limi: 

BBP  verticnl_only_nodeling_of_nnnenver_period ; 


-  bbsolotiob  ADTISOBIBS  bvalda  tzob  boo  tub  hiob-livel  looic - — 


13-nu 


P80CBSS  vert ical_only_aodeling_of _aaneuver_period; 

FLT  (TIB*,  ZDF)  ; 

CULL  FI»AL_7ERTICAL_RA?E_DETB8SISATI0B 
IS  (2D,  S7BCT.  7SQ,  7E8T8A) 

OPT  (ZDF)  ; 

TIBB  =  TIBI NT  /  2;  <  Ose  tiae  at  alddla  of  each  interval.  > 

REPEAT  BHILB  (TIME  LB  TSVRAB)  ; 

CALL  VE8-ICAL_AnVASCEBEST 
1*  (ZDF,  DELIST) 

ISOPT  (RVGEOB.  *er)  ; 

IF  (it  is  tine  for  an  entry  in  the  SAPP  table) 

THBB  store  vertical  position  and  Telocity  in  HAPP  table  entry 
for  'negatives’  level; 

TIES  =  TISE  ♦  TIBIST; 


EHDPBP^AT: 

EHO  vertical_only_«odeling_of_saneaver_period; 


8ES0LPTI08  AD7IS0RIBS  E7ALPATI08  ROOTIBE  LOB-LE7BL  LOGIC 
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BOOTIME  PSEP_MATRIX_GERERATOB 

IS  (State  vectors  for  two  aircraft, 

indication  of  which  aircraft  ara  to  ba  aanaawered, 
directional  sense  of  vertical  resolution  advisories  if  both 
aircraft  ara  to  be  aanenvered) 

OPT  (Pointer  to  predicted  separation  aatrices, 

RAPP  table  for  each  aircraft  to  be  aaneuvered) ; 

<  This  routine  generates  the  predicted  separation  eatrices  and  BiPP  table 

entries  for  a  conflict  by  nodeling  the  horizontal  and  vertical  flight  paths  of 
the  two  aircraft.  > 

Access  predicted  separation  eatrices; 

Access  conflict  table  entries  (if  any)  for  both  aircraft 
via  pointers  in  state  vectors; 

Obtain  previous  resolution  advisores  (if  any)  for  both  aircraft 
fron  conflict  table  entries; 

Initialize  positions  and  velocities  to  current  values; 

PERFORM  eodeling_of_delay_period; 

PERFORM  vertical_level_selection; 

PEBPORB  horizontal_path_selection; 

PERFORM  eaneuver_tlie_calculation; 

PERFORM  eaneuver_iodeling; 

PERFORM  vertical_convergence_checks; 

PERFORM  horizontal_convergence_checks; 

PERFORM  three_diaensional_convergence_checks; 

IMP  PSEP_1ATRIX_GEMERAT0R ; 


RESOLOTIOR  ADVISORIES  STAE5AMOM  BOOT! RE  BIGH-LETSl  LOGIC 
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ROOTIHB  PSBP_HATRIX_GESBRATOR 

JR  (S7ECT1,  S7SCT2,  RSPSD1,  RSPRD2,  7ERTRA1,  7BRT8A2) 

OPT  (HATPTR,  RAPP1,  RAPP2)  ; 

Access  PSHAT  via  SATPTR; 

LOOP;  <  Repeat  for  each  aircraft-  > 

H  (STBCT.CTE  SB  SH0LL  for  this  aircraft) 

THEB  PH8A  for  this  aircraft  «  S7ECT.  CTB->CTESTRT.  HBARD; 

P7RA  for  this  aircraft  «  S7ECT-  CTE->CTEBTRY.  SHARD; 
ELSE  PHRA  for  thi3  aircraft  •  IROSES; 

P7RA  for  this  aircraft  «  SHORES; 

EIITIF  (both  aircraft  processed)  i 
ERPLOOP : 

Initialize  delgeoh  froe  state  sectors; 

PSHFORH  eode liog_of _del ay_per iod ; 

PEEF0R1  sertical_lesel_selection; 

PERFORH  horizontal_path_selection; 

PERFORM  aanenser_tiae_calcnlation; 

PEjtFORH  eaneaser_«odeling; 

PfHFQRH  sortlcal_consergeoce_chec*s; 

PEBFQRH  hotlzontal_coneergence_checks; 

PBRFOBH  three_dieeosional_conserGence_checAs; 

»RQ  PSEP_»ATEIT_GBRERATOR; 


RBSOIOTIOR  AD7IS0RIES  ETAtGATIOH  ROOTIHB  L0S-tE7EL  LOGIC 
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PROCESS  aodeiing_of_delay_period: 

<  This  process  models  the  flight  paths  of  two  aircraft  daring  the  delay  period 
The  aircraft  aay  be  modeled  in  either  linear  or  nonlinear  flight,  depending 
tarn  status  and  any  previous  resolution  advisories  which  may  be  in  effect.  > 

IF  (neither  aircraft  has  a  strongly-sensed  turn  HDD 

neither  aircraft  has  a  previous  vertical  resolution  advisory  ABO 
neither  aircraft  has  a  previous  TB  or  TL  advisory) 

THEM  <  both  aircraft  are  in  linear  flight.  > 

PERFORM  linear_aodeling_of_delay : 

ELSE  <  one  aircraft  aay  be  in  nonlinear  flight.  > 

PERFORM  nonlinear_aodeling_of_delay: 

Initialize  each  eleaent  of  PSEP2  aatri*  to  PSEP2I; 

Initialize  each  element  of  HHD2  matrix  to  BBD2I; 

Initialize  each  element  of  vhda  matrix  to  THDAI; 

Initialize  each  element  of  VMDB  matrix  to  THDBI; 

EBP  modeling_of_delay_oeriod; 


on 


RSSOIOTIOR  AOTISORIES  ETALOATIOR  SOOTTSE  BIGB-LETEl  IOGIC 


PBOCESS  aodeling_of_dela7_period; 

I£  <  (SYECT.TtJHH  HE  SSTBHGLFT  AHD  SYECT.TOBH  J[E  SSTRHGRT  for  both  AC)  AHD 
(PYRA  12  SHORES  OB  PY8 A  £2  SHOLLBBS  for  both  AC)  4J(0 
(PHBA  HE  STS  AMD  PHBA  HE  STL  for  both  AC)) 

THEH  PERFORM  linear_aodeling_of_delay ; 


ELSE  PEBEOBH  oonlinear_aodeling_of_delay; 


Initialize  each  eleaent  of 
Initialize  each  eleaent  of 
Initialize  each  eleaent  of 
Initialize  each  eleaent  of 


PSEP2  to  PSEP2I; 
HHD2  to  BHD2I: 
YHDA  to  YfIDAI: 
YHDB  to  YHDBI; 


EHO  aodeling_of_delay_period: 


BESOLOTIOH  ADVISORIES  EVALD ATIOH  SOOTIHE  LOB-LEVEL  LOGIC 
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PROCSSS  vertical_level_se!ection; 

<  This  process  deternines  the  vertical  levels  to  be  aodeled  for  two  aircraft 
daring  tha  aanauver  period  by  dataraining  tha  wartical  rate  to  be  achieved  by 
each  aircraft  for  each  level.  > 

LOOP:  <  Repeat  for  each  aircraft.  > 

<  Dataraine  final  vertical  rata  for  each  type  of  vertical  aaneaver.  > 

PRRPOBH  vertical_rate_deteraination; 

<  Select  the  vertical  levels  according  to  which  aircraft  are 
to  be  aaneoverad.  > 

Select  'aaintain  vertical  rata'  for  level  1; 

If  (both  aircraft  are  to  be  aaneavered) 

THRU  IP  (sense  of  vertical  advisories  is  'cliab'  for  this  aircraft) 
THRU  Select  'cliab'  for  level  2: 

Select  'don’t  descend'  for  level  3; 

RLSR  Select  'descend'  for  level  2; 

Select  'don't  cliab'  for  level  3; 

RLSR  <  only  one  aircraft  is  to  be  aaneavered.  > 

IP  (this  aircraft  is  the  one  to  be  aaneavered) 

THRU  Select  'descend'  for  level  2; 

Select  'cliab'  for  level  3; 


RLSR  Select 

'aaintain 

vertical 

rate' 

for 

level  2; 

Select 

' aaintain 

vertical 

rate' 

for 

level  3; 

SIITIf  (both  aircraft  have  been  processed)  ; 

SSPLOOP : 

ZSP  vertical_level_selection; 

-  «RSOLO*IO!I  hDTISOBIRS  !V  1LP1TI0I  HOOTIBB  BIGH-LRTRL  LOGIC  - 
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PROCESS  »artlcal_la»al_salactlon: 

LOOP ;  <  Rapaat  for  aach  aircraft.  > 

PEBPOBS  Tartlcal_rata_da*ar»inatioD  ; 

ZDPH(SLETI)  «  DELSEOH.ZD; 

15  (BSPED1  M  ETSOE  MO  HSPID2  52  ITROE) 

THEE  15  (PEBTR1  52  ICL  for  this  aircraft) 
THEE  ZDPH  ( JLET2)  »  PETE.  CL R; 

ZDPH  (1LET3)  ■  BITE.  DDES; 
ELSE  2DPB  (EL EP2)  -  RITE.  DBS: 
SOPH (SLEf  3)  *  RITE.OCL; 

else  15  (RsPED  52  ETSOS  for  this  aircraft) 
TBE)I  ZDPH  (ILET2)  •  BITE. DBS; 

ZDPH  (ELEP3)  -  BITE.  CL  ; 

ELSE  ZDPH  (SLEP2)  •  DELSEOH.ZD; 
ZDPH  (SLET3)  -  DELSEOH.ZD; 

EIITIP  (boto  aircraft  ha»a  baan  procaaaad) ; 

gE.0I.29E: 


BED  Tar*lcal_laTal_salaction; 


PESOLOTIOH  IDE  I  SO  RIBS  ETILOITIOE  BODTIBE  LOt-LETEL  LOSIC 
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PROCESS  horizontal_path_selection ; 

<  This  process  deteraines  which  horizontal  aaneuvers  will  be  aodeled  for  each 
aircraft  during  the  aaneuwer  period.  > 

LOOP:  <  Repeat  tor  each  aircraft.  > 

The  'continue  straight*  path  will  be  aodeled; 

IP  (this  aircraft  is  to  be  aaneuvered) 

THRU  IP  (this  aircraft  has  a  previous  TL  advisory) 

THRU  only  the  'turn  left*  path  will  be  aodeled; 

ELSSIP  (this  aircraft  has  a  previous  TR  advisory) 

T3EH  only  the  'turn  right'  path  will  be  aodeled: 

OTBBHRISE  both  the  'turn  left'  and  'turn  right'  paths 
will  be  aodeled: 

ELSE  ;  <  no  other  horizontal  paths  will  be  aodeled.  > 

EXITIP  (both  aircraft  have  been  processed)  : 

ERDLOOP: 

ESP  horizontal_path_selection; 
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PROCESS  horizont al_path_selection: 


LOOP;  <  Repeat  for  each  aircraft.  > 

SJ5T  PATH.  MODEL  (SCSP)  ; 

If  (HSPRD  E£  STROE  for  this  aircraft) 

TBEW  I?  (PHRA  Si  STL) 

THEH  SET  PATH.  HODEL  (STLP)  : 

CLEAR  PATH. MODEL (STRP) ; 
EL S El f  (PHBA  Efl  STR) 

THEH  SET  PATH.  HODEL  (STRP)  : 

CLEAR  PATH.  HOOEL  (STLP)  ; 
OTHERWISE  SET  PATH.  HOOEL  (STRP)  ; 

SET  PATH.  HODEL  (STLP)  ; 

ELSE  CLEAR  PATH.  HODEL  (STRP)  : 

CLEAR  PATH.  HODEL  (STLP)  ; 


EII^IE  (bo*h  aircraft  ha»e  been  processed)  : 
EHDLOOP; 


EHD  horizontal_path_selection; 
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PROCESS  maneuver_tlne_calculation; 

<  This  process  determines  the  length  of  tine  to  eodel  each  aircraft  daring  the 
maneuver  period.  > 

Coepute  position  of  aircraft  2  relative  to  aircraft  1  (vertical 
weighted)  after  delay; 

Coepate  velocity  of  aircraft  2  relative  to  aircraft  1  (vertical 
weighted)  after  delay; 

IP  (aagnitude  of  relative  velocity  is  very  snail) 

TEES  <  ase  slow-closing  value.  > 

Maneuver  tine  =  HTSC/n  umber  of  aircraft  being  maneuvered; 

ELSE  Compute  time  to  3-0  closest  approach  (vertical  weighted) 
after  delay,  using  relative  position  and  velocity; 

Maneuver  time  *  time  to  closest  approach  ♦  TCADEl; 
apply  a  lower  limit  of  RTLL  to  aaneuver  time: 
apply  an  upper  limit  of  RTOL  to  maneuver  time; 

Compute  time  to  turn  the  slowest  maneuvered  aircraft  through  an  angle  of 
TOPS  A 1  and  apply  as  an  upper  limit  to  maneuver  tine; 

IP  (both  aircraft  are  to  be  maneuvered) 

THES  compute  time  to  turn  both  aircraft  through  a  combined  angle  of 
T08SA2  and  apply  as  an  upper  limit  to  aaneuver  time; 

EBP  naneuver_tine_calculation; 
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PROCESS  aane<iT«r_tlM_calcalation; 

HI  (TCA,  72,  R)  ; 

RX  *  DELGEOH. ac2.  X  -  DELGEOH. acl.  I; 

ST  *  DELGEOH. ac2. T  -  DELGEOH. acl . T; 

PZ  »  (DELGEOH . ac 2. Z  -  DELGEOH. acl.  2)  *  7HEIGHT; 

VST  «  DELGEOH. a c2 . XD  -  DElGEOB.acl.XD; 

7PT  »  DELGEOH. ac2.TD  -  DELGEOH. acl. TD; 

7RZ  »  (DBtGEOH.  ac2. 2D  -  DELGEOH.  acl.  ZD)  *  WEIGHT; 

7R2  -  7RX**2  ♦  7RT**2  ♦  7RZ»*2; 

If  (7R2  iT  TRTH2) 

THEH  HASTE  *  HTSC/nuaber  of  aircraft  being  naneavered ; 

ELSE  TCA  *  -(HX  «  7BI  ♦  RY  *  TRT  ♦  HZ  •  TRZ)  /  TR 2 ; 

HAHTH  *  TCA  ♦  TCADEL; 

HAHTH  «  HAT  (HAHTH,  HTLL)  ; 

HAHTH  =  HIH (HAHTH,  HTDL) ; 

if  (RSPSD1  5£  STROP) 

THEH  if  (RSPHD2  f2  *TR0E) 

TH?K  T2  »  HIH  (STBCT1.  75Q,  STECT2.TSQ); 

ELSE  72  -  S7ECT1.TSQ; 

ELSE  T2  »  STECT2.7SQ; 

»  »  G  *  TAH { BASRA)  /  SORT (7SQ) ; 

HAHTH  *  HIH  (HAHTH,  (TORS A 1  /  W)  )  ; 

if  (RSPHD1  f2  STROP  A£]>  RSPHD2  f2  STROE) 

‘"HER  »  *  ",  *  -AH(8AHKAJ  •  (1  /  SQST  (SYEC?  1 . 7SQ)  ♦  1  /  SQST  (S7PC"'2.  7SQ)  ) 
HAHTH  *  SIN  (HAHTH,  (T0RHA2  /  R) )  ; 

BHD  7an«u7er_tiae_caIcolation; 

-  RESOLOTIOH  AD7IS0RIES  E7ALOATIOH  SOOTIHE  L0H-LE7TL  LOGIC  - 
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PROCESS  aaneuver_aodeling; 

<  This  process  models  two  aircraft  during  the  maneuver  period  by  performing  a 
fast-tiae  simulation.  > 

FLT  TIME;  <  local  variable  > 

PE8F08H  geometry_initialiiation;  <  Start  with  post-delay  values.  > 

CULL  COMPOTiTIOH_OF_T0Rll_COHSTlKTS;  <  for  aircraft  1  > 

CALL  COHPOTATION_OP_T0RH_COHSTAHTS;  <  for  aircraft  2  > 

TIME  =  TIHINT/2;  <  Dse  tiae  at  middle  of  each  interval.  > 

REPEAT  WHILE  (time  LE  maneuver  tiae)  : 

<  Advance  each  aircraft  by  TIHIHT  seconds,  and  store  data  in 
rapp  table,  if  appropriate.  > 

PERFORM  increaental_advanceaent: 

<  Determine  ainiaua  separation  for  each  coabination  of  flight  paths.  > 

PERFORM  separation_calculations; 

PERFORM  collection_of_miniauBs; 

<  Save  the  'quictc  separation*  aatrix  at  the  appropriate  tiae.  > 

TIME  =  TIHE  ♦  TIHIHT; 

IF  (QTIHE  has  just  been  reached) 

THEM  save  current  separation  values  in  QSEP2  matrix; 


EHP.gSPSAT: 


SHD  aaneuver_»odeling; 
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PROCESS  aaneaver_ao<lellng ; 


t 


as  TIRE; 

BIT  QPLAG; 

PERPORH  geo«etry_lnltiall2atlon; 

CALL  COSPPTATIOB_OP_T0B E_COB STARTS  JJ1  (SVECT1 .  VSQ,  TIRIBT) 

OPT  (TPECOB.acI)  : 

CHL  COHP0TATIOB_OP..TOBS_CORSTASTS  U  (SVECT2. VSQ,  TIRIBT) 

OPT  (TPPCOB.  ac2)  ; 

TIRE  =  TISIBT/2 ; 

CLEAR  QPLAG: 

PEPBA"  BBILE  (TIHE  iE  RARTB)  ; 

PER TOR a  increBental.advanceaent; 

PEBPOBH  separa*lon_calcalationa; 

PEBPOBa  collect  lon_of_aluiaaas; 

TIRE  =  TIBE  ♦  TIHIRT; 

H  (QPLAG  52  tr»LSE  ISO  TIRE  GE  QTIH8) 

THEM  QSEP2  »  CPRP2 ; 

SET  QPLAG; 

jimuui 

EBP  aaneaTer_aod«llng; 
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P10CBSS  vertical_coavergence_chec)cs 


<  This  process  sodiflss  the  calculated  vertical  slss  distance  for  any  vertical 
level  where  convergence  is  Indicated  at  the  end  of  the  nanenver  period.  > 

LOOP:  <  Repeat  for  each  vertical  level.  > 

Deternine  vertical  convergence  for  this  level; 

l?  (aircraft  are  converging  vertically) 

THEM  »SDA  ■  0  for  this  level; 

ELSE  ;  <  no  change  > 

EXITI?  (all  vertical  levels  exaained) ; 

ESP  vertical_eonvergence_checks: 


-  lESOimOP  kDTISOBIBS  STBLOiTIOB  BOOTIES  BZSR-LBTEL  LOOIC  - — - 
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PROCESS  tartlcal_contarganca_chac*a 


IBT  LEVEL; 

LOOP:  <  Rapaat  for  aach  tartical  latal.  > 

RZ  «  RiRGEOB.  tar2  (LEVEL)  .  Z  -  fUBGEOB.  tar  1  (LEVEL)  .  Z; 

VBZ  -  B»BGEOB.tar2  (LEVEL)  .ZD  -  SRRGEOR.  tar  1  (LET  EL)  .ZD; 
DOT  -  RB  •  VRZ: 

I*  (DOT  U  0) 

TBE!(  VBDl  (LEVEL)  »  Os 
ELSE  ;  <  bo  changa  > 

EXITIf  (all  tart leal  latals  aia a load) ; 

iBPLQQP: 

EBP  tar*ical_contarg#nca_chack«s 
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>10033  horizontal_convergence_checka; 

<  This  process  iodines  tha  calculated  horizontal  alaa  distance  for  any 

coabination  of  horizontal  flight  paths  vhere  convergence  ia  indicatad  at  tha 
and  of  tha  aanenver  pariod.  > 

LOOP:  <  Bapaat  for  aach  horizontal  path  aodalad  for  aircraft  1.  > 

LOOP:  <  lapaat  for  aach  horizontal  path  aodalad  for  aircraft  2.  > 

<  Dataraina  horizontal  convergence  for  thia  coabination  of 
horizontal  flight  patha.  > 

CULL  CONVIBGSHCI_HOHIZ  0BT1L; 

If  (aircraft  arc  converging  at  aananvar  tine) 

THB5  17  (horizontal  coabination  is  'straight/straight ') 

THBB  <  ana  horizontal  aiaa-diatanca  foranla 
to  coapata  HHD2.  > 

CiLL  HISS_DIST1HCB_H0RIZ0KT»L; 

3138  HB02  “  0  for  this  horizontal  coabination; 

3133  ;  <  no  change  > 

BlITIf  (all  horizontal  patha  azaainad  for  aircraft  2)  ; 

UfiifiSI* 

3I.TTIF  (all  horizontal  patha  azaainad  for  aircraft  1) ; 

83PL00P: 


BID  horlzontal_eonvergence_checks; 


- - - —  RESOIOTIOB  IDTX30RXS3  BThlOkTXOf  ROOTIBB  BIOS- LEVEL  100IC 
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PROCESS  horiionta l_con7ergence_checks; 


HIT  (HPATH1,  HPATH2)  ; 

LOOP;  <  Pepeat  for  each  horizontal  path  hodeled  for  aircraft  1.  > 

LOOP;  <  Pepeat  for  each  horizontal  path  nodeled  for  aircraft  2.  > 

CALL  C0H7EBGB«CE_B08IZ0HTAL 

I»  ( BANG  SOR.  horl  (HPATH 1)  ,  BA  RGE09.  hor  2  (H  PATH  2)  ) 

IHOOT  (B0D7BL.  relati»e_geonetry)  ; 

If  (DOT  if  0) 

THBH  If  (HPATH1  f2  1CSP  AID  HPATH2  f2  ICSP) 

TH5H  CALL  9ISS_DIS?ARCE_80HIZ0HTAL 

IB  (H0D7BL. relati»e_geonetry) 

OPT  (RRD2  (HPAT  HI  ,  HPATH2)  )  ; 

ELSE  HBD2 (HPATH1 ,  HPATH2)  «  0; 

ELSE  ;  <  no  change  > 

PXITIP  (all  horizontal  paths  examined  for  aircraft  2) ; 

SHDLOOP; 

EXI^IP  (all  horizontal  paths  ezanined  for  aircraft  1)  ; 

EMDLOOP; 

EBP  horizontal_con»ergence_checks; 
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P80CE33  thrae^diaensional_convergance_checks; 


<  This  procsss  nodifies  ths  calculated  3-0  slss  distance  for  any  conbinatlon 
of  flight  paths  where  3-0  convergence  is  indicated  at  the  end  of  the 

aanauver  period.  > 

1221:  <  Sepeat  for  each  horizontal  path  sodeled  for  aircraft  1.  > 

2221:  <  lepeat  for  each  horizontal  path  sodeled  for  aircraft  2.  > 

LOOP:  <  lepeat  for  each  vertical  level.  > 

<  Oeternlne  3-0  convergence  for  this  conbinatlon  of 
flight  paths.  > 

CALL  C0HVBH3EICE_3Dj 

U  (aircraft  are  converging  at  saneuver  tine) 

Id IB  II  (horizontal  conbinatlon  is  • straight/straight') 
ISSI  <  use  3-D  siss-distance  foreula 
to  conpute  PSEP2.  > 

CALL  3ISS_DISTAHCE_3D; 

VHOB  for  this  vertical  level  = 
vertical  conponent  of  PSEP2 ; 

ELSE  PSEP2  -  0; 

▼  BOB  for  this  vertical  level  =  0; 

.ELSE  ;  <  no  change  > 

SIITIf  (all  vertical  levels  ezanined) ; 

EBPLOOP: 

IXITIf  (all  horizontal  paths  ezanined  for  aircraft  2)  ; 

irnasii 

tflTIP  (all  horizontal  paths  exaslned  for  aircraft  1)  : 

£12  three_disenslonal_convergence_checks; 

- -  SE30L0T10I  ADTISOIIES  EVAL0ATIOI  I00TIIE  HIGH-LEVEL  LOGIC  - — 
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PROCESS  three_diaen3ional_convergence_checlt3: 

IHT  (HPATB1 ,  HPATB2 ,  LEVEL)  ; 

LOOP:  <  Repeat  for  each  horizontal  path  aodeled  for  aircraft  1.  > 

LOOP:  <  Repeat  for  each  horizontal  path  aodeled  for  aircraft  2.  > 

T OOP:  <  Repeat  for  each  vertical  level.  > 

CALL  C0RVERGEMCE_3D 

If  (HAHGEOH.horl  (HPATH1)  ,  HARGEOH.  verl  (LEVEL)  , 

HARGEOH.  hor  2  ( HP  ATB2)  ,  HARGEOH.  ver2  (LEVEL)  ) 

OPT  (HODVBL. relati ve_geoaetry) ; 

If  (DOT  II  0) 

THER  If  (BPATB1  Efl  JCSP  Aff  HPATB2  fjj  JCSP) 

THER  CALL  HISS_DISTARCE_3D 

If  (HODVBL. relative_geoaetry,JTRPE) 
OPT  (PSEP2  (HPATH1.HPATH2, LEVEL)  , 
VHDB  (LEVEL))  ; 

ELSE  PSEP2 (HPATB1,  HPATH2,  LEVEL)  »  0: 

VHDB  (LEVEL)  »  0; 

ELSE  ;  <  no  change  > 

EIITIP  (all  vertical  levels  exaainad) ; 

112122*: 

EIITIP  (all  horizontal  paths  ezanlned  for  aircraft  2)  ; 

1121221: 

EIITir  (all  horizontal  paths  eraained  for  aircraft  1)  ; 

1221221: 

EBP  three_diaen3ional_convergence_chechs; 
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PROCESS  addition_to_RAPP_table; 

<  ■''his  process  stores  projected  positions  and  velocities  in  the  RAPP  table  for 
each  aircraft.  > 

LOOP:  <  Repeat  for  each  vertical  level.  > 

Store  vertical  position  and  velocity  for  this  level  in  RUPP  table  entry: 

EXIT IP  (all  vertical  levels  selected) ; 

ESOLOOP: 

too? :  <  Repeat  for  each  horizontal  path  sodeled  for  this  aircraft.  > 

Store  horizontal  position  and  velocity  for  this  path  in  RAPP  table  entry; 

EXITIE  (all  horizontal  paths  selected  for  this  aircraft)  ; 

ESPLOOP: 

ESP  additi on_to_HAPP_table; 
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PROCESS  addit ion_to_R»PP_table; 

LOOP;  <  Repeat  for  each  vertical  level.  > 

Store  vertical  position  and  velocity  for  this  level  in  RAPP  table  entry; 

EXITIP  (all  vertical  levels  selected) ; 

ENDLOOP : 

100°;  <  Repeat  for  each  horizontal  path  aodeled  for  this  aircraft.  > 

store  horizontal  position  and  velocity  for  this  path  in  RUPP  table  entry; 

EXITIf  (all  horizontal  paths  selected  for  this  aircraft)  ; 

ENDLOOP : 

END  addit ion_ro_PAPP_table; 
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PROCESS  collaction_of_ainiauas; 

<  This  procass  la  psrforaad  at  aach  tiaa  atap  daring  tha  aanausar  pariod  to 
sasa  tha  ainiaua  saparatiob  saluas.  > 

LOOP:  <  Rapaat  for  aach  sartical  lasal.  > 

I?  (currant  rartical  aapa ration  for  thia  lasal  LX  praslons  ainiaoa) 
im  sasa  currant  aaparation  aa  na«  ainiana  in  ?BD»; 

EIITIf  (all  sartical  lasals  procaaaad) ; 

EBPLOOP: 

LOOP:  <  Rapaat  for  aach  horizontal  path  aodalad  for  aircraft  1.  > 

LOOP:  <  Rapaat  for  aach  horizontal  path  aodalad  for  aircraft  2.  > 

IX  (currant  ranga  for  this  horizontal  coabination  LX 
ptssioua  ainiaua) 

TIER  aara  currant  ranga  as  na*  ainiaua  in  HDD 2; 

LOOP:  <  Rapaat  for  aach  sartical  lasal.  > 

IZ  (cnrraat  slant  ranga  for  this  coabination  of 
flight  paths  LX  praslona  ainiana) 

XflU  Sa»a  currant  slant  ranga  aa  aa*  ainiaua  in 
3-0  P3EP2  array; 

LX  (horizontal  coabination  la  'straight/straight') 
tier  sava  currant  fartical  aaparation 
in  TBDB  for  thia  lasal; 

EIITIF  (all  sartical  lasals  procaaaad)  ; 

mi; 

EIITIF  (all  horizontal  paths  procaaaad  for  aircraft  2)  ; 

aaiaap; 

EIITIF  (all  horizontal  paths  procaaaad  for  aircraft  i) ; 

UBLaaP: 

£12  collact  lon_of_alnianas; 

-  RESOLtrriOl  1DSISORIES  ETRLOhTIOR  ROOTIBB  BIOH-LETEl  LOGIC  - 
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PROCESS  collaction_of_ainiaaaa 


HIT  (HP4TH1,  RP4TH2,  LEVEL)  ; 

LOOP:  <  Bapaat  for  aach  vartical  Laval.  > 

If  (C0H7  (LEVEL)  VHDI  (LEVEL)) 

THEE  VBD4  (LEVEL)  -  COE  V  (LEVEL); 

EIITlf  (all  vartical  lavals  procaaaad) ; 

EHPLQOP: 

LOOP :  <  Bapaat  for  aach  horizontal  path  aodalad  for  aircraft  1.  > 

LOOP:  <  Bapaat  for  aach  horizontal  path  aodalad  for  aircraft  2.  > 

If  <C0HH2(HP»TB1,  HP4TH2)  If  BHD2 (HP4TH1  ,  HP1TH2) ) 

IK!  HHD2  (HP1TH1,  HP1TH2)  -  CDHH2  (HP4TH1 ,  BP1TH2)  ; 

LOOP:  <  Bapaat  for  aach  vartical  laval.  > 

If  (CQBP2  (HPBTH1 »  HPITH2,  LEVEL)  If 
PSEP2 (HB1TH1 ,  HP1TH2,  LEVEL)) 

ISM  PSEP2  (HPITB1 ,  HP4TH2,  LEVEL)  « 

C0HP2  (HP4TH1 ,  HPITS2,  LEVEL); 

If  (HP4TH1  IQ  SCSP  HQ  HP4TH2  JQ  SCSP) 

THEE  V  BOB  (LEVEL)  ■  COEV(LEVBL); 

EIITlf  (all  vartical  lavala  procaaaad)  ; 
flQIQQf; 

EIITlf  (all  horizontal  patha  procaaaad  for  aircraft  2); 
flBLQSf: 


EIITlf  (all  horizontal  patha  procaaaad  for  aircraft  1)  ; 

EHPLQOP; 

EBP  collactlon_of_ainiaaaa; 
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PROCESS  geoaetry_initializatlon; 

<  This  process  initializes  ths  position  and  velocity  variables  for  each  aircraft 
prior  to  ths  sodeling  of  ths  saaeaver  period.  > 

LOOP;  <  Repeat  for  each  aircraft.  > 

LOOP;  <  Repeat  for  each  horlsontal  path  sodelei  for  this  aircraft.  > 
Initial  horizontal  position  and  velocity  for  this  path  *  projected 
horizontal  position  and  velocity  at  end  of  delay  period; 
sum  («*ch  horizontal  path  has  been  selected) ; 

BROLOOPt 


LOOP;  <  Repeat  for  each  vertical  level.  > 

Initial  altitude  and  vertical  rate  for  this  level  =  projected 
altitude  and  vertical  rate  at  end  of  delay  period; 

BXITIF  (each- vertical  level  has  been  selected); 

amaais 

BXITIf  (both  aircraft  have  been  processed) ; 

BRDLOOP: 

BMP  geosetry_initlallzation; 
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PROCESS  geoaetr y_init ialization; 


IHT  (HPATH,  LEVEL) 


LOOP:  <  Repeat  for  each  aircraft.  > 


LOOP:  <  Repeat  for  each  horizontal  path  aodeled  for  this  aircraft.  > 


SURGEON,  hor  (HPATH)  *  DELGEOH.hor; 

EIITIE  (each  horizontal  path  has  been  selected) : 
EMPLOOP; 


LOOP:  <  Repeat  for  each  vertical  level.  > 

HAMGEOR.  ver  (LEVEL)  =  DELGEOR.  ver  ; 

5XITI?  (each  vertical  level  has  been  selected) ; 
ERDLOOP : 


EXITIE  (both  aircraft  have  been  processed) ; 
ERPLOOP: 


EMD  geo«etr7_initialization; 
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PROCESS  incresental_advanceeent; 


<  This  process  advances  each  aircraft  incresentally  at  each  tlie  step  daring  the 
modeling  of  the  aaneaver  period.  > 

LOOP;  <  Repeat  for  each  aircraft.  > 

<  Advance  aircraft  vertically.  > 


Loop;  <  Repeat  for  each  vertical  level.  > 
CALI  VERTICAL_iDVABCENESTT 
STITIf  (all  vertical  levels  processed)  ; 
EMPLOOP: 


<  Advance  aircraft  horiiontally.  > 

CALI  CONTIH0E_STRAIGHT:  <  ‘Straight*  path  always  modeled.  > 

£»  (‘turn  left*  Is  being  sodeled  for  this  aircraft) 

THEM  CALL  TOBS.tBFT; 

LP  (*tnrn  right*  is  being  sodeled  for  this  aircraft) 

THEM  CALL  TtTH»_BIGHT; 

<  ldd  data  to  BiPP  table  at  the  appropriate  tise.  > 

jp  (this  aircraft  is  being  Maneuvered  A IS 

it  is  tine  for  an  entry  In  the  1APP  table) 

THEM  PSBPOBH  addition_to_BAPP_table; 

SIITIP  (both  aircraft  processed) ; 

EB  PL  OOP; 


?«D  incresental_advancesent; 
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PB0CE5S  incraaantal_advancaaant; 

IHT  (HPATH,  LEV  El)  ; 

LOOP;  <  Bapaat  for  aach  aircraft-  > 

LOOP:  <  Bapaat  for  aach  vartical  laval.  > 

Chit  VEBTICAL_ADVASCS8BBT  U  (t  ATE.  SDBB  (LEVEL)  ,  TIBIIT) 

HOOT  (H1EGE08.  var  (LEVEL) )  ; 
StlTIf  (all  vartical  lavala  procaaaad) : 

EHPLQOP: 

CALL  CQNTIBOE_STH AIGHT  U  (TIHIBT) 

IEOOT  (HARGIOH. hor  (SCSP)  )  ; 

II  (PATH.  HODEL  (STLP)  Jfl  STB 0E) 

THEE  CALL  TOHB_LBTT  H  (TOBCOB) 

IBQOT  (HAHGEOH.hor  (STLP)  )  ; 

II  (PATH.  HODEL  (STEP)  Efl  STB  HE) 

THElj  CALL  TOBH_HICHT  U  (TOBCOB) 

IBQOT  (BABGEOB.  hor(STBP))  : 

II  (HSPHD  Ifi  1TBOE  for  this  aircraft  Hi 

it  is  tlaa  for  an  antry  in  tha  BABB  tabla) 

TBSB  PEBPOBH  addition_to_B ipp_taM*l 

EIITIf  (both  aircraft  procaaaad) ; 

J&2122E: 

EBP  increaantal.advancaaant; 


RESOLOTIOB  AOVISOBIES  SVALOATIOB  ROOTIBE  LOB-LEVEL  LOGIC 
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PBOCBSS  linear_eodeling_of_delay; 

<  This  process  aodels  the  delay  period  by  projecting  each  aircraft  straight  for 
DELAT  seconds.  > 

tOOP:  <  Repeat  for  each  aircraft.  > 

CALX.  VBBTICAL_A DEA HCHEKT;  <  Use  current  rertical  rate.  > 

CALL  C0BTIB0E..STB1IGHT; 

EIITIP  (both  aircraft  processed) ; 

EEPIOOP; 

CALL  COHSE8SEHCE_3D; 

IP  (aircraft  are  converging  in  3-0  after  delay) 

THE5  ? SEP 21  =  3-D  separation  after  delay; 

▼BOB!  *  vertical  separation  after  delay; 

ELSE  <  use  3-0  siss-distance  foraula  to  compote  PSEP2I.  > 

CALL  BISS_DISTAHCB_3D; 

VflDBI  «  vertical  coaponent  of  PSEP2I; 

CALL  COB VEBGEHCE_HORIZOHTAL; 

IP  (aircraft  are  converging  in  range  after  delay) 

THEB  HBD2I  *  range  after  delay; 

ELS$  <  use  horizontal  siss-distance  foraula  to  coepute  BBD2I.  > 

CALL  SISS_DISTABCE_HOBIZOBTAl; 

IP  (aircraft  are  diverging  vertically  before  delay) 

TBEB  TSDAI  »  vertical  separation  before  delay; 

ELSEIf  (aircraft  are  not  diverging  vertically  after  delay) 

TH8j|  7HDAI  *  vertical  separation  after  delay; 

QSflmiSJ  »»dai  -  o; 

*50  linear_sodeling_of_delay ; 
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PROCESS  linear_*odeling_of_delay; 


100P;  <  Repeat  for  each  aircraft.  > 

AH  TERTICAL_ADTANCBE»T  I£  (DELGEOB. ZD  for  this  AC,  DELAY) 

IROOT  (DELGEOB.Ter  for  this  »C) ; 

CU1  CORTIE0B_STHAIGHT  I]l  (DEL AT) 

IBOPT  (DELGEOB. hor  for  this  AC); 

BUTTE  (both  aircraft  procssssd)  i 
EEDLOOP; 

CALL  C0HTERGEHCE_3D  IJI  (DELGEOB.  hor  1 ,  DELGEOB.  Terl  ,  DELGEOB.  hor2,  DEI.GEOB.Ter2) 
OPT  (BODTBL. ralatiTe_geo*etry)  ; 

12  (DOT  IT  0) 

THEE  PSBP2I  «  HI«»2  ♦  RY»«2  ♦  RZ*»2: 

TBDBI  «  ABS (DELGEOB. T0C2.Z  -  DELGEOB. Ter  1. Z) : 

ELSE  CALL  BISS_DISTARCB_3D 

IE  (BODTBL. reiatlTe_geosetry,  ITROB) 

OPT  (PSEP2I,  TBDBI); 

CALL  CORTERGEHCE_HORIZOHTAL  UJ  (DELGEOB. horl  ,  DELGEOB.  h0r2) 

OPT  (BODTBL.  relatiTe_geosetry)  ; 

I Z  (DOT  U  0) 

TBEB  HBD2I  ■  RIM2  ♦  RT»*2; 

ELSE  q  A  LI  BISS_DISTARCE_HOSIZOBTAL 

u  (BODTBL. reiatiTe_geosetry) 

OPT  (HBD2I) ; 

DOT  -  (STECT2. Z  -  STBCT1.Z)  ■  (STECT2.ZD  -  STECT1.  ZD)  ; 

XI  (DOT  fil  0) 

TBER  TBDAI  »  ABS  (STECT2.  Z  -  STBCT1.Z); 

ELBE  DOT  ■  BZ  *  TRZ; 

IZ  (DOT  U  0) 

TBER  TBDAI  «  ABS(RZ) ; 

ELSE  TBDAI  -  0; 

SIS  lines r.sodellng.of .delay; 

— — -  RESOLPTXOH  ADTISOBIES  STALP ATIOB  ROPTIBE  LOR-LETEL  LOGIC  - - - 
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PROCSSS  nonlinear_advancesent ; 

<  This  process  advances  each  aircraft  increaentally  at  each  tiae  step  daring 
nonlinear  aodeling  of  the  delay  period.  > 

100P;  <  Repeat  for  each  aircraft.  > 

<  ldvance  aircraft  vertically.  > 

IP  (last  half  of  delay  period) 

THEH  <  respond  to  any  previous  vertical  advisories.  > 

CALL  VBRTICAL.ADVAHCHERT: 

BISS  <  advance  at  current  vertical  rate.  > 

CALL  VEHTICAL_AOVAHCBHB«T; 

<  Advance  aircraft  horizontally.  > 

* 

IP  (first  half  of  delay) 

TflSH  <  sodel  any  sensed  tarns.  > 

If  (strong  left  tarn  sensed  for  aircraft) 

THBH  CALL  EOBH_LEPT; 

SLSBIP  (strong  right  tarn  sensed  for  aircraft) 

THBW  CALL  TGHI_EIGHT; 

OTHERS I5E  CALL  COHTIHUE_STSAIGST; 

BLSB  <  nodal  response  to  any  previous  resolntion  advisories.  > 

IP  (previous  TL  advisory) 

TUBE  CAL;  TDHH_LEFT; 

BLSBIP  (previous  TB  advisory) 

TBEW  CALL  TtJH«_HIGHT; 

OTHERSISB  CALL  COHTIHOE_STSAIGHT; 

EXITIP  (both  aircraft  advancsd) ; 

BMDLOOP; 

Ufi  nonllnear_advancesent; 

-  8BSOLOTIO*  ADVISORIES  BVALOATIOB  ROOTIHB  HIGH-LEVEL  LOGIC  - 
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PROCESS  nonli near_adTaDceaent 


LOOP;  <  Repeat  for  each  aircraft.  > 


if  (TINE  IS  DELAY/2) 

THEN  CALL  YBBTICAL_ADYANCEHENT  If  (HATE.  ZDFD,  DELINT) 

I  NO  OT  (DELGEOH.  Ter)  : 

ELSE  CALL  YEHTICAL_ADTANCEHBNT  if  (DELGEOH. ZD,  DELINT) 

INOOT  (DELGEOH.  Ter)  ; 


if  (TINE  if  DBLAY/2) 

THEN  if  (SVECT.TOBN  EQ  JSTHNGLFT) 

THEN  CALL  TO HEWLETT  If  (TOHCON) 

INOOT  (DELGEOH. hor) ; 

ELSEIF  (SFECT.TOBH  E^  JSTSNGHGT) 

THEN  CALL  TOHN_HIGHT  If  (TOHCON) 

|NOOT  (DELGEOH.  hor)  ; 

OTHEHNISE  CALL  CONTINOB_STB AIGHT  If  (DELINT) 

I)100f  (DELGEOH.  hor) 


ELSE  If  (PHRA  E2  STL) 

THEN  CALL  ?OBN_LEFT  If  (TOBCON) 

INOOT  (DELGEOH. hor)  ; 

ELSEIF  (PH BA  Efl  ITB) 

THEN  CALL  TONN_HIGHT  Jf  (TOBCON) 

INOOT  (DELGEOH.  hor)  ; 

OTHBBNISE  CALL  CONTINOE_STHAIGHT  If  (DELINT) 

INOOT  (DELGEOH. hor) 


EIITIP  (both  aircraft  adtanced) ; 

12£i22f: 


END  nooiinear_adTanceaent ; 

-  HESOLOTION  ADYISOBIES  BYALOATION  BOOTINE  10 N-LETEL  LOGIC 
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PPOCESS  nonlinear_delay_preparations; 

<  This  process  coaputes  ‘he  tarn  constants  and  final  vertical  rates  for  each 
aircraft  in  preparation  for  nonlinear  sodeling  of  the  delay  period.  > 

LOOP:  <  Hepeat  for  each  aircraft.  > 

<  Coapute  final  vertical  rate  for  delay  period.  > 

CALI,  fI81L_VBHTICAl_HATE_DETBBHISATI0H; 

<  Coapute  turn  constants  for  delay  period.  > 

CALL  COHPPTATIOH_OF_TPHB_COBSTABTS; 

SIITIP  (both  aircraft  processed) ; 

SBPLQOP: 

EBP  nonlinear_preparations; 


- e-  SISOLWIOB  ADVISORIES  EVAIUATIOB  BOOTIBE  SIGH-LEVEL  LOGIC 
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PROCESS  nonlinear_delay_preparation  s: 

FIT  (ZDSIN ,  ZOHAX)  ; 

LOOP ;  <  Repeat  for  each  aircraft.  > 

CALL  FIHAL_VBBTICAL_BATB_DETBBHIBATI01I 
12  (S7BCT.ZD,  STBCT.  YSQ,  PY8A) 

OUT  (RATE.  ZDFD  for  this  aircraft); 

CALL  COBPOTATIOB_OP_TOBB_CORSTASTS 
12  (SVECT. »SQ,  OELIHT) 

OUT  JTORCON  for  this  aircraft)  ; 

EXITIF  (both  aircraft  processed)  ; 

ZRPLOOP: 

BBO  nonlinear_preparations; 


RZSOLUTIOR  ADYIS08I2S  BV1LOATIOR  ROOTI3E  LOI-LEYBL  LOGIC 
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PSOCSSS  nonlinear_nodeling_of_delay ; 

<  This  process  aodels  the  delay  period  nonlinearly  by  perforaing 
fast-tiae  siaulation.  > 

TIT  TIBS;  <  local  variable  > 

gBBroaa  nonlinear_delay_preparations; 

PSEP2I  »  3-0  separation  (vertical  weighted)  before  delay; 

HBD2I  «  range  before  delay; 

VBDAI  »  vertical  separation  before  delay; 

VSDBI  *  vertical  separation  before  delay; 

TIBS  *  0; 

BEPEAT  OBTIL  (TIBE  DEtAT) ; 

<  Advance  each  aircraft  by  DBXIHT  seconds.  > 

PTBPOKB  nonlinear_advancesent ; 

<  Save  ainiaua  separation  values.  > 

Coapnte  current  3-0,  horixontal,  and  vertical  separation; 

IZ  (current  vertical-weighted  3-D  separation  U  P5BP2I) 

THEB  PSBP2I  «  current  vertical-weighted  3-D  separation; 
TflDBI  »  current  vertical  separation  (unweighted) ; 
HBD2I  »  bib  (HBD2I ,  current  range); 

TBDAI  •  bib  (  vbdai  ,  current  vertical  separation); 

TIBE  »  TIBE  ♦  D EXIST: 


SBDPBPTAT: 


ISP  nonlinear_sodeling_of_delay ; 

-  HBSOLDTIOB  ADVISOBIE3  ETALOATIOB  HOOTISE  BIGH-LEVSt  LOGIC 
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PROCESS  nonlln«ar_aodeling_of_delay ; 


112  (TIBE,  P2,  H2,  T) ; 

PEBPOSH  non linear_de lay _preparat ions; 

HBD2I  »  (STBCT2.I  -  STECT1.I)**2  ♦  (STECT2.T  -  STECT1 .  T)  **2; 
ESDI  I  -  IBS  (STECT2 . Z  -  STECT1.X); 

TBDBI  -  TBD&I ; 

PSEP2I  »  HHD2I  ♦  (TBD1I  *  T1BIGHT)**2; 

TIB!  «  0; 

ESPEM  OBTIL  (TIBE  ££  DEL1T) ; 

PEBfORB  non  line ar_adYance sent ; 

H2  «  (DELGEOS.hor2.  X  -  DELGEOB.  hor  1.  X)  **2  ♦ 

(DELGEOB.  hor2.T  -  DELGEOB.  hor2.  T)  *»2; 

7  *  KBS  (DEI GEOS .  Ter 2.  2  -  DELGEOB.  Ter  1 .  Z)  ; 

?2  »  32  ♦  (V  «  TBEIGHT)  **2; 

I?  <P2  IS  PSEP2I) 

T3EB  PS5P2I  «  P2; 

TBDBI  -  T; 

HBD2I  »  BII(HBD2I,  H2)  ; 

TBD1I  »  BIB  (TflD&I  t  T)  ; 

TISE  ■  TIBE  ♦  DELIBT; 

immm 

EBP  nonli naar_«od«ling_of^daiay ; 
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PROCESS  separation_calcalations; 

<  This  process  computes  the  vertical,  horizontal,  and  3-D  separation  values  at 
tiae  step  during  the  saneuver  period.  > 

LOOP;  <  Repeat  for  each  vertical  level.  > 

Coepute  and  save  vertical  separation  for  this  level; 

FIITIF  (all  vertical  levels  processed); 

EWOLOOP; 

LOOP;  <  Repeat  for  each  horizontal  path  aodeled  for  aircraft  1.  > 

LOOP;  <  Repeat  for  each  horizontal  path  aodeled  for  aircraft  2.  > 

Cospate  and  save  horizontal  separation  (range)  for  this 
combination  of  horizontal  paths; 

LOOP;  <  Repeat  for  each  vertical  level.  > 

Coapute  and  save  3-D  separation  (slant  range,  vertical 
weighted)  for  this  cosbination  of  flight  paths; 

EXITIT  (all  vertical  levels  processed)  ; 

EMDLOOP; 

BXITI?  (all  horizontal  paths  processed  for  aircraft  2) ; 

ERDLOOP: 

EXITIP  (all  horizontal  paths  processed  for  aircraft  1) ; 
gffPtflSE: 

EWO  separation_calculations; 
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PROCESS  separation_calc<ilations; 

1ST  (ism,  HPATH1,  HPITH2)  : 

LOOP;  <  Repeat  for  each  vertical  level.  > 

COBV(LSVBL)  *  IBS  (tUBGBOf!.  rer2  (LEVEL)  .Z  -  BIS  GEOH.  vet  1  (LEVEL)  .  Z) 
EIlTIf  (all  vertical  levels  processed)  ; 

siptsag; 

LOOP:  <  Repeat  for  each  horizontal  path  aodeled  for  aircraft  1.  > 


tOOP: 


<  Repeat  tor  each  horizontal  path  aodeled  for  aircraft 


C0RS2 (HPATH1,  HPATB2)  * 

(BARGEOH.  hor  2  (HPATH2)  .  Z  -  BARGEOH. horl  (HPATB1)  .  I)  *“2* 
(HAHGEOB.  hor2  (HP  ATH2)  .  T  -  BISGSOB.hor*  (HPATH1)  .  T)  **2; 

LOOP:  <  Repeat  for  each  vertical  level.  > 

CDBP2  (HPATH1 ,  HPATH2,  LEE  EL)  »  CDBH2  ( HPATH1 ,  HPATH2) 
♦  (CORV  (LEVEL)  *  WEIGHT)  *»2; 

EH*IP  (all  vertical  levels  processed)  ; 

SlEtoopj 

SXITIR  (all  horizontal  paths  processed  for  aircraft  2) : 

Eli  TIE  (all  horizontal  paths  processed  for  aircraft  1); 

1121291' 

EBP  separation.calcnlations; 
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PBOCBSS  vertical_rate_determination; 


<  This  process  determines  the  final  vertical  rate  to  be  achieved  by  an  aircraft 
in  response  to  each  vertical  resolution  advisory  which  aay  be  aodeled  daring 
the  maneuver  period.  > 

<  Select  the  required  rates.  > 

X?  (this  is  a  'fast'  aircraft) 

THBB  •Climb*  rate  *  ZDDPP; 

•Descend*  rate  »  -ZDDBBP; 

ELSE  <  this  is  a  'sloe*  aircraft.  > 

•Climb*  rate  »  ZDOPS; 

•Descend'  rate  =  -ZDDBBS; 

<  Use  the  delayed  vertical  rate  if  it  already  exceeds  the  required  rate.  > 

•Climb*  rate  »  saifcliab'  rate,  vertical  rate  after  delay); 

•Don't  descend*  rate  *  IMX(0,  vertical  rate  after  delay); 

•Descend'  rate  »  SIB  ('  Descend*  rate,  vertical  rate  after  delay); 

•Don't  climb'  rate  «  niB(0,  vertical  rate  after  delay); 

<  Change  'descend*  to  'don't  climb*  if  aircraft  is  too  low.  > 

IP  (current  altitude  U  terrain  altitude  from  state  vector  ♦  1TEHH) 

TBBB  'Descend*  rate  »  'don't  climb'  rate; 

Ul  vertical_rate_deteraination; 
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PROCESS  »ertical_rate_deteraination; 

l*  (STECT.7SQ  £T  7THSQ) 

THEN  RATE.CLB  for  this  aircraft  =  ZDOPP: 

SATE.  DES  for  this  aircraft  =  -ZDDRRP; 
ELSE  RATE.CLB  for  this  aircraft  =  ZDOPS; 

BITE.  DES  for  this  aircraft  =  -ZDDRRS; 

RATE.CLB  =  BAI  (RATE.CLB,  DELGEOB.ZD): 

BUTE. DOES  =  BAX(0,  DELGEOB.ZD); 

RATE. DES  =  SIS(RATB. DES,  DELGEOB.ZD); 

SATE.  DCL  =  BIB  (0 ,  DELGEOB.ZD); 

IF  (SVECT.Z  LT  SVECT. TERALT  ♦  AT  SB  B ) 

THEE  BATE.  DES  =  BATE.  DCL: 


EBP  r«;rtical_rate_deter«inaticn: 
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BOOTIHE  B FSOLUT I0B_ADVISORT_HODFL ISG_POR_PREDICTED_SEPAR  AT10B 

IB  (Resolution  advisories  for  two  aircraft,  aircraft  state  vectors) 

OPT  (Closes*  3-D  separation  for  tbe  pair); 

<  This  routine  aodels  one  set  of  resolution  advisories  for  a  pair  of  aircraft  to 
deteraine  the  3-D  miss  distance  which  those  advisories  will  produce.  > 

Access  conflict  table  entries  for  both  aircraft  via  Dointers 
in  state  vectors; 

Obtain  previous  resolutions  advisories  for  both  aircraft  froa 
conflic*  table  entries; 

Initialise  positions  and  velocities  to  current  values; 

PERFORM  one_path_aodelinq_of_delay_per iod ; 

PERFORM  aaneuver_tiae_calculation;  <  Saae  as  in  PSEP_MAtpix_geb?RATOR  > 

JtOOP;  <  Repeat  tor  each  aircraft.  > 

CALL  FIBAL_VERTICAL_HATE_DRTERMIBATION;  <  Dse  vertical  BA  to  be  node led  > 
FXf'I”  (both  aircraft  processed)  ; 

EBDLOOP; 

PEBFOPM  one_path_aaneuver_»odeling: 

PERFORM  one_pat h_3D_convergence_checK; 

EBP  RFSOLOT-IOB_ADVISORT_HODELING  "OB  PREOIC’rED_SEP AR ATION ; 


RESOLOTIOM  ADVISORIES  EVALOATIOB  ROUTINE  HIGH-LEVEL  LOGIC 
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BOOTHS  RBSOLOTIOH_ADVISOBT_flOD  ELIWG_FOB_PREDICTBD_SEPA8 ATIOH 
Ig  (HRA1,  TRA1,  BRA2,  VRA2,  SVECT1,  SVECT2) 

OPT  (PSBP2X)  ; 

LOOP;  <  Repeat  for  each  aircraft.  > 

I*  (SVECT.CTB  JJ5  MDLL  for  this  aircraft) 

THEM  PHH A  for  this  aircraft  ■  STSCT.  CTB->CTB»TBr.  HHABD; 

P?8»  for  this  aircraft  *  SVECT.  CTB->CTB»THT.  VHABD; 

B1SB  PHR  A  for  this  aircraft  «  JITOBES; 

PVRA  for  this  aircraft  «  SHORES; 

Initialize  position  and  velocity  components  in  DELGEOn  to  values 
in  SVECT  for  this  aircraft. 

EXITIP  (both  aircraft  processed) ; 

Eggiaag: 

PEBPOBS  one_path_nodellng_of_delay_period: 

PERf ORt  aaneaver_tise_calcnlation;  <  Sane  as  in  PSEP_H  A’rRIX_GEREEATOR  > 

LOOP:  <  Repeat  for  each  aircraft.  > 

CALL  PIHAL_VERTICAL_RATE_DETEBHIB ATIOH 
u  (DELGEOH.ZD,  SVECT.VSQ,  VBA) 

POT  (RATE.ZDPD  for  this  aircraft)  ; 

BIITIP  (both  aircraft  processed) ; 

MP1W?: 

REpyORB  one_path_*anenver_aodeling; 

PEBPOBB  one_path_30_convergence_check; 

EBP  PESOL  OTIOW_ADVISORT_!!ODELIHG_TOH_  PREDICTS  D_SEPA  RATI  OH; 

-  ypSOLOTIOH  ADVISORIES  EVALOATIOH  BOOTIHE  LOW-LEVEL  LOGIC  - 
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PBOCESS  one_path_eodeling_of_delay_period : 

<  This  procsss  sodals  the  (light  paths  of  tvo  aircraft  dariag  the  delay  period, 
prior  to  their  respondiag  to  a  single  set  of  resolution  advisories. 

The  aircraft  nay  be  aodeled  in  linear  or  nonlinear  flight  daring 
the  delay  period.  > 

If  (neither  aircraft  has  a  strongly-sensed  tarn  IIP- 

neither  aircraft  has  a  previous  vertical  resolution  advisory  H8P 
neither  aircraft  has  a  previous  T8  or  Tt  advisory) 

lata  <  both  aircraft  are  in  linear  flight.  > 

PEBPOBH  one_path_linear_aodeling_of_delay: 

ELSE  <  one  aircraft  nay  be  in  nonlinear  flight.  > 

PEBPOBH  one_path_nonlinear_sodeling_of_delay; 

END  one_path_sodeling_of_delay_per iod ; 


•ESOtOTTON  10V ISOBIES  ETILSiTION  HOOTINE  NISH-LEVEL  LOGIC 


PROCESS  on*  _pa  th.aodal lng_of _d« lay_p«  r iod ; 

IE  ( (SVECt.TtJRB  EE  SSTBBGLPT  Efifi  STECT.TtJHB  J£E  BSTRPGRG?  for  both  aircraft)  IJffi 
pvbx  12  Seobes  for  both  aircraft  ee£ 

(PHRh  EE  *TB  EES  PSBh  ES  *Tt  for  both  aircraft)) 

TH BE  PBRFOBH  on«_path_llnaar_aod«ling_of_dalay; 

BLSB  PBBBOBa  on*_path_nonlinaar_aod*ling_of_d«lay ; 

EBP  one_pa*h_aod«ling_of_d*lay_perlod: 
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PROCESS  one_path_naneuver_nodeling; 

<  This  process  models  two  aircraft  as  responding  to  a  single  set  of  resolution 
advisories  during  the  maneuver  period,  by  performing  a  fast-tine  simulation.  > 

FLT  TIRE;  <  local  variable  > 

IE  (resolution  advisory  to  be  nodeled  for  aircraft  1  includes  TL  or  ?B) 

THEE  CALL  coHPOTiTlOE_OP_TORS_COHSTiSTS ;  <  for  aircraft  1  > 

IF  (resolution  advisory  to  be  nodeled  for  aircraft  2  includes  TL  or  TR) 

THEE  CELL  COHPOTATIOS_OP_TtJBE_COESTAHTS;  <  for  aircraft  2  > 

TTHE  =  TISIHT  /  2;  <  Use  tine  at  aiddle  of  each  interval-  > 

REPEAT  WHILE  (TIHE  LE  maneuver  tine) : 

<  Advance  each  aircraft  by  TIE 1ST  seconds.  > 

PERFORM  one_path_increnental_advancenent ; 

<  Deter nine  nininun  separation.  > 

Compute  3-D  separation  (slant  range,  vertical  weighted) ; 

Save  nininun  3-D  separation; 

TIHE  =  TIHE  ♦  TIHIET; 

EHOREPSAT: 

EED  one_path_naneuver_nodeling; 
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PROCESS  one_path_Ban«aTer_aodeling; 

FLT  (TIJIE,  P2»; 

II  (HBA1  £2  STL  OS  HBA1  12  ***> 

THE!  CULL  COBPOTATIOS_OP_TOR8_COESTANTS 
IS  (SVECTI.YSQ.  TIBIBT) 

OPT  (TPBCOB.acI)  ; 

I*  (HBA2  12  *TL  OS  B8»2  12  STB) 

T3EB  CALL  COSPOTATIOR_OF_TPRS_CORSTABTS 
IS  (SVECT2.VS0,  TIBIST) 

OPT  (TORCOB.  ac2)  ; 

TIB!  *  TIBIBT  /  2;  <  Ose  tiae  at  aiddle  of  each  interYal.  > 

REPEAT  BHIL!  (TIB!  H  BA  STB)  ; 

PERFORB  one_path_increa«ntal_adTancement; 

92  ■  { DELGEOB  .  h  or  2.  X  -  DELGEOB. horl . X) »*2 

♦  (DELGEOB .  hor 2 .  T  -  DELGEOB.  horl.  T)  «*2 

♦  ((DELGEOB. T«r2.Z  -  DELGEOB .  Ter  1 . Z)  *  V»EIGHT)**2; 
PSEP2X  ■  BIB  (PSEP2X,  P2)  ; 

TIB!  «  TIRE  ♦  TIBIBT; 

llfilimi: 

EBP  ona_path_aanaaT*r_iod*llDg; 
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PROCESS  one_path_3D_convergence_check; 

<  This  process  iodifi.es  the  calculated  3-0  separation  of  tvo  aircraft, 

responding  to  a  single  set  of  resolution  advisories,  if  3-D  convergence  is 
indicated  at  the  end  of  the  aanenver  period.  > 

CUt  COHVERGESC2_3D; 

If  (aircraft  are  converging  at  eaneuver  ti»«) 

THEB  If  (resolution  advisory  does  not  contain  TR  or  ?L  for  either  aircraft) 
TBgR  <  use  3-D  aiss-distance  forsula.  > 

C&LL  HISS_0IST1RCE_3D; 

ELSE  aininui  3-D  separation  *  0; 

ELSE  ;  <  no  change  > 

EHD  one_path_30_convergence_check ; 
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PROCSSS  one_path_3D_con»ergence_check ; 

PIT  TCODHHT; 

CUL  COHT5RGEHCE_3D 

13  (DELGBOH.  hod  ,  DELGEOB.  T«r  1  r 
DELGEOfl, hor2,  DELGEOB.  ver  2) 

OPT  (BODPBL.  relatl*e_geonetrr)  ; 

JP  (DOT  U  0) 

THEE  I?  (HR*  SJJ  *TR  HH *  ji»  *Tt  for  both  aircraft) 

THEE  CALL  HXSS_DIST*ECE_3D 

IE  (BODTBL.  relative_geonetry,  JPALSE) 
OPT  (PSEP2X,  VCDOBBY); 

ELSE  PSEP2X  »  0; 

ELSE  j  <  no  change  > 

SEP  one_path_3D_con»ergence_checfc; 
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PROCESS  oaa_patb_lacraaantal_advancaaaat; 


<  This  procaaa  advancas  aack  aircraft  iacraaaatallT  at  aack  tlaa  atap  daring 
tha  aanauvar  parlod,  ahara  only  oaa  aat  of  raaolatloa  advisorlas  la 
baing  aodalad.  > 

LOOP;  <  Bapaat  for  aack  aircraft.  > 

<  Advanca  aircraft  vartleally.  > 

CALL  YERTIC Al_A DY  A  BCE  BEIT ; 

<  idvaaca  aircraft  horizontally.  > 

IT  (Rl  baing  aodalad  for  tkia  aircraft  coataias  *tnrn  loft*) 

T^ES  CALI  TO*B_LBFT; 

ELSBIP  (8A  baing  aodalad  for  tkla  aircraft  coataias  'turn  right*) 

THEM  CHI  T0HB_BI0HT; 

OTHERWISE  CALL  COBTIBOE_STB AI3HT; 

Eli TIE  (both  aircraft  procassad) ; 

EBP  ona_patk_iacraaantal_advancaaaat ; 
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PROCSSS  one_pat  h_  increment  al_ad»ance  hen*. : 

LOOP:  <  Repeat  for  each  aircraft.  > 

CALL  VER?IC»L_ADT*RCERE8T 

If  (EATS. zero  for  this  aircraft.  TIRIRT) 

IROOT  (DELGEOR.  »er)  : 

JF  (HR  A  12  *TL) 

THEM  CM. I,  TGSR_LEFT  If  (TORCOR) 

IROOT  (DELGEOR.  hor)  ; 

SLSEI?  (HP.A  By  SEP) 

'’•HER  CALL  TORN_8IGH,r  JR  (THRCOR) 

I  ROOT  (DELGEOR.  hot)  ; 

OTHERWISE  CALL  COHTIHOE_STR AIGHT  If  (TIRIRT) 

I8Q0T  (DELGEOR.  hor)  ; 

EIITIE  (both  aircraft  processed) ; 

ERDLOOP: 

ERD  ooe__paf h_incre»ent  al_ad7ance»ent ; 
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PROCESS  one_path_linear_iodeling_of_delay 

<  This  process  aodela  the  daisy  pariod,  prior  to  tha  aircraft  responding 
to  a  singia  aat  of  advisories,  by  projecting  aach  aircraft  straight  for 
DEL1T  aaconda.  > 

LOOP;  <  Sapaat  for  each  aircraft.  > 

Cill  TBBTIC»L_I0»»SCSB8HT;  <  Osa  cnrrant  vertical  rata.  > 

CALL  C0»TIB0E_ST*1IQHT: 

BIITir  (both  aircraft  procaaaad)  ; 

EBDLOOPi 

<  Parfora  convarganca  check.  > 

CALL  COKVERGEWCE_3D; 

U  (aircraft  are  converging  in  3-0  aftar  delay) 

THEM  ainlBoa  3-D  separation  so  far  ■  separation  aftar  delay; 

ELSE  <  use  3-0  lisa-distance  forsola  to  coapute  ainiann  separation.  > 
CALL  HISS_DIST»HCB_30l 

EBP  one_path_linaar_aodeling_of_delay; 
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PROCESS  ona_path_linaar_aodaling_of_dalar 


FIT  TCDUBST; 

LQO°i  <  Rapaat  for  each  aircraft.  > 

gUt  VERTICAL_A  DT ABCBBBBT 

U  (OELOBOB.ZD  for  this  aircraft,  DELHI) 
IBOOT  (DBLGEOB.  iar  for  thla  aircraft); 

CBM.  C0RTIB0B_STRAIG8T 
in  (DELHI) 

IBOOT  (DBLGEOB.  hor  for  this  aircraft): 

ZIlTir  (both  aircraft  procaasad)  ; 

imaoE; 

CULL  C0BVBBGEBCE_3D 

Ifi  (DBLGEOB.  hor  1 ,  DBLGEOB.  rarl  , 

DELGEOB. hor 2,  DBLGEOB. Tar 2) 

OPT  (BODVBL.ralatiTa_gao«atry) ; 

H  (DOT  11  0) 

THEM  PSBP2X  *  BX**2  ♦  RT*»2  ♦  RZ**2; 

EL3B  CALL  BISS_DISTIBCE_3D 

U  (BODTBL.  ralatlTa.gaoaatry,  SFALSE) 
OPT  (PSEP2X,  TCDOBBt) ; 


EBp  ona_path_llnaar_aodaling_of_Galay : 
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PROCESS  one_path_nonlinear_nodeling_of _delay; 

<  This  process  models  the  delay  period  nonlinear ly,  prior  to  the  aircraft 
responding  to  a  single  set  of  resolution  advisories,  by  performing  a 
fast-tine  simulation.  > 

PIT  TIDE;  <  local  variable  > 

LOOP:  <  Repeat  for  each  aircraft.  > 

CALL  EIHAL_vertical_RATE_DETERHISATIOS:  <  Ose  previous  vertical  Hi. 

CULL  COnPOTATIOH_OE_TORS_COHSTAITS:  <  Use  DELIST  time  interval.  > 

EXITTE  (both  aircraft  processed) ; 

ESDLooP : 

minimum  3-0  separation  =  slant  range  (vertical  weighted)  before  delay; 

TIER  =  0; 

REPEAT  DSTIL  (TIHE  gE  DELAT)  ; 

<  Advance  each  aircraft  by  DELIST  seconds.  > 

PEREOBH  nonlinear_advancenent :  <  Sane  as  in  PSEP_S»T3II_SEBER»TOR  > 

Coapate  current  3-D  separation  (slant  range,  vertical  weighted)  ; 

Save  minimum  slant  range; 

TIER  *  TIDE  ♦  DELIST ; 

Mirni: 

ESP  one_pa>:  h_n on  lines r_aodeling_o f  _de lay; 
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PROCESS  one_path_nonlinear_sodeling_of_delay ; 


PLT  (TIHE,  P2)  ; 

too®;  <  Repeat  for  each  aircraft.  > 

C*U  FIHAL_?EBTICAL_BATB_DETEBHIHATIOR 
IB  (STECT.ZD-,  S7BCT.TSQ,  PTBA) 

OPT  (RATB.ZDTD  for  this  aircraft) ; 
CALL  COHPOTATIOH_OF_TORH_COHSTABTS 
U  (SVECT.tSQ,  DBLIHT) 

OPT  (TORCOH  for  this  aircraft); 

EXITI?  (both  aircraft  processed)  ; 

EHDLOO®; 


PSEP2T  =  (SVECT2.X  -  SVECT1.X)**2  ♦  (S7ECT2.T  -  SVBCT1.  T)  *»2 
♦  (  (SVECT2. 2  -  SVECT1.Z)  *  VRSIGHT)  •*?; 


TIHE  =  0; 

REPEAT  DBTIL  (TIHE  GE  DELAT)  ; 

PEBroBB  nonlinear_advancesent ;  <  Sale  as  in  PSBP_HATRII_GEHBBATOR  > 

P2  *  (DELGEOR.  hor2.  X  -  OELGEOB.  hor  1.  X)  **2 

♦  (DELGEOR. hor2.  T  -  DELGEOH.  hor  1.  X)  **2 

♦  ( (DELGEOR.  ver  2. Z  -  DELGEOR  .*er  1 .  Z)  •  7 WEIGHT)  **2; 

PSBP2X  »  HIS(PSEP2X,  P2)  ; 

TIHE  =  TIHE  ♦  DELIBT; 


E3PBBPEAT: 


EBP  one_pa th_non line ar_iodeling_of_de lay; 
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aooTiiiB  Toaa_tsPT 

IB  (Turn  constants) 

IPOQT  (X,T  coaponents  of  position  and  Telocity); 

<  This  routine  aodels  an  aircraft  increaentally  through  a  left  turn.  > 

Coapute  new  X,T  positional  coordinates  for  incresental  left  turn; 

Coapute  nes  X,T  coaponents  of  Telocity  for  incresental  left  turn; 

EXP  TORS_I.BPT; 
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BOOTI8B  T08H_tEPT 

II  tGROOP  TOBCOB.ac)  ^ 

I  BOOT  (GBOOP  GSOfl.  hot)  ; 

nr  ?ebp_id; 


GEOfl.X  » 

GEOB.X  - 

(GEOB.TD  • 

A) 

♦  (GEOS.XO  * 

B> 

GEOB.T  » 

GEOB.T  ♦ 

(GEOS.  XD  * 

A) 

♦  (GEOB.TD  • 

B> 

TEBP_XD  -  GEOB.  XD; 

GEOB.XD  »  (GEOB.XD  *  CA)  -  (GEOB.TD  *  SA)  { 
GEOS.TD  =  (GEOB.TD  *  CA)  ♦  (TSBP_XD  *  St)  5 

132 
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BOOTH!  TOBB_BIOHT 


11  (Tara  constants) 

HOOT  (X  ,Y  cosponsnts  of  position  and  velocity)  ; 

<  This  routine  sodels  an  aircraft  increaentally  through  a  right  turn.  > 

Coapute  new  i,y  positional  coordinates  for  iacreaental  right  turn; 

Coapate  nee  r,Y  cosponents  of  velocity  for  increaental  right  turn; 

EBP  TOBB_HIGHT; 
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BOOTIBE  TtJR!l_SIGHT 

II  (21221  TOBCOB.ac) 

I800T  (G8Q0P  GSOa.hor); 

bit  tesp_xd; 

GEOB.X  =  GEOB.X  ♦  (GEOB.XD  *  »)  ♦  (GBOB.XD  *  B)  ; 
GEOB.X  =>  GBOS.I  -  (GEOB.XD  *  X)  ♦  (GEOB.XD  •  B)  ; 

TBSPJtD  =  GBOB.XD; 

GEOB.XD  =  (GEOB.XD  *  CX)  *  (GEOB.TD  *  SX)  ; 
GEOB.rD  =  (GEOB.XD  *  CX)  -  (TBBP_XD  *  Si); 

BBD  TOSN_HIGH"; 
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800TIEE  TBETICU^lOUECSaBET 


U  (llrccaft  final  vertical  rate,  tin*  interval) 

HOOT  (Current  aircraft  altitude  and  vertical  rate) ; 

<  This  routine  aodels  an  aircraft  ahead  vertically  for  a  specified  Interval 
of  tiae.  > 

X£  (current  vertical  rate  U  final  vertical  rate) 

THBI  accelerate  aircraft  npvards  using  an  acceleration  rate  of  ICCSIC; 
giSEir  (current  vertical  rate  2X  final  vertical  rate) 

THSH  accelerate  aircraft  doeavards  using  an  acceleration  rate  of  ICCBID; 
OTHEHIISE  ;  <  final  vertical  rate  already  achieved.  > 

Increase  or  decrease  altitude  according  to  vertical  rate  and  tine  interval; 

g»0  fEBTIClL_»DVh«CSHEET; 


-  JESOIOTIOE  IDT ISOIXES  EV1101TIOE  tOOTIEE  HIOB-LEVEl  108IC  - 
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HOPTIi »E  '»ESTTCAl_»DT*«CBSB»T 
Xi  (tor,  tibt) 

MOTT  tGPOOP  GEOB.rar): 

ftT  (ZDP,  TIBT)  ; 

IP  (GEOB.ZD  IjT  ZDP) 

THEE  GEOB.ZD  -  BIB  (ZDP,  (GEOB.ZD  ♦  1CCELC  *  TIBT)); 
E1SEIF  (GEOB.ZD  51  ZDP) 

THEE  GEOB.ZD  »  HAT  (ZDP,  (GEOB.ZD  -  ACCEID  *  TIBT)  )  » 
otherwise  :  <  final  »*rtieal  ra*«  already  achi«?*d.  > 

GEOB.Z  =  GEOB.Z  ♦  GEOB.ZD  *  TIBT; 

EBP  VERTICAL_1DVAECEHEHT; 


BESOLDTI Of  IDTISOSI ES  SmOATIOB  SOOTIBE  LOt-lBTEL  tOOIC 


13-P273 


ROOTIHB  TBaTICAl_SPEBD_LI!!IT_ADyiSORT_BTALOATIOR 

IB  (pointer  to  a  RAOS,  AC  state  rectors,  pair  record  pointer) 

OPT  (rertical  speed  lielt  adrisories  in  RADS) ; 

IP  (the  aircraft  are  direrging  horizontally) 

THEB ;  <do  nothing) 

ELSE  LOOP: 

Set  nest  aircraft  in  pair; 

EXITIP  (done  t>oth  aircraft)  ; 

PSRPuRH  conrerging_AC_check ; 

IF  (AC  are  conrerging  such  that  the  AC  aay  receire  a  VSL) 

TH ER  IP  (rertical  resolution  adrisory  for  subject  AC  is  not 
opposite  in  sense  to  the  rertical  relocity  of 
subject  AC) 

THBR  PBBPQ8H  rertical_speed_liait_calculatioo; 

BISB: 

ELSE: 

SRDLOOP: 

ERP  VERTICAI_SPEED_LI!!IT_ADyiSOHr_ETALDATIOH; 
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BOOTHS  yBtTIClL_SPBBD_lIBIT_lD?ISOHT_BTlL01TIOB 
11  (R1DSPTB,  1CID1,  1CID2,  PRBC) 

IBOOT  (B1DSPTB.T1,  R1D5PTH.  72)  ; 

BIT  TSLCONP  <coapnta  fSL  for  1C  if  PSICOBP  is  traa> 

IX  (tha  aircraft  art  diverging  horizontally) 

IUI  ;  <4o  nothing) 

BLSB  LOOP; 

Sat  nazt  aircraft  in  pair; 

BIITir  (dona  both  aircraft) ; 

ggaroBB  eon  vergin  g_ic_checfc ; 

II  (TSLCOHP  Ifl  STBOB) 

THEM  I?  (rartical  resolution  advisory  for  subject  1C  is  not 
oppoaita  in  Sanaa  to  tha  rartical  velocity 
of  tha  anbjact  1C) 

THEE  PEBfOBB  vertical_3peed_liait_calculation ; 
ELSE; 

ELSE; 

XISIQ21; 

BHD  VEHTICIL_SPBED_LIHIT_1DVISOBT_EV1101TIOH; 
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PBOCess  converging_AC_chec*; 

1?  ((subject  AC  approaching  other  AC  vertically)  48D 

(subject  AC's  vertical  rate  L£  aiaiaua  vartical  speed  liait 
advisory  rate)  yn>  (this  AC  is  aaneuvered) ) 

TffSH  SET  flag  indicating  that  AC  are  converging  such  that  the  current 
subject  AC  is  eliglbleto  receive  a  TSl; 

BISS: 

EHD  converging_AC_chech; 
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P80CBSS  converging_AC_check; 

IF  ((subject  AC  approaching  other  AC  vertically)  ABO 

(subject  AC's  vertical  rate  ainiana  vertical  speed  Halt 
advisory  rate)  ABO 
8SPBD  £2  JTSOE)) 

THEM  fSLCOHP  ■  JTBOE; 

ELSE  TSLC08P  -  SP1LSE; 

EBP  con verging_AC_checfc : 
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PROCESS  vertlcal_speed_ilalt_calcalation; 

Coapute  tine  to  closast  horitontal  approach; 

Coapute  daisy  tlaa  until  response  to  TSL  is  expected; 

IP  (delay  tlae  is  22  tlaa  to  closast  approach) 

TREE  coapute  vertical  spaed  Halt; 

Truncate  coapnted  vertical  spaed  Halt  to  neat  lover 
display  TSL  Halt; 

BIS?: 

ERD  vert ical_speed_liait_ca lcn lat ion; 
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PBOCSSS  Tertlcal_speed_liait_calcolation: 

Coapate  ‘lie  to  closest  horizontal  approach; 

Coapute  delay  tlae  until  response  to  TSL  is  expected; 

12  (delay  tiae  Is  22  tlae  to  closest  approach) 

TH8S  coapate  vertical  speed  Halt; 

Truncate  coapnted  xertlcal  speed  liait  to  next  loser  Halt; 

USB; 

ggp  xertical_speed_liait_calculation; 
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BOOTIBB  X_LIST_SIGMPOST_B«TSYj:XIC0LXTTOll 
IB  (X  position) 

00?  (signpost  entry  on  the  X-list)  ; 

<?his  procsss  calculates  ths  signpost  entry  point  to  the  I-list. 

It  nay  be  used  by  a  nuaber  of  other  processes.  It  is  being 
used  here  to  find  the  entry  point  on  the  X-list  for  a  search  of 
the  t-list  fros  an  1C  on  the  BX-list  for  the  Domino  Coarse  Screen 
Boutina. > 

Calculate  signpost  *  IBTBGSB (subject  1C  X  position/signpost  spacing) 

BSD  X  LIST  SIGSPOST  BBTBT_ChLC0IXTI0B ; 
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80a?m»  X_tIST_SIG8P0ST_B8TBT_C»I.C0LATI0» 

II  <*> 

OPT  (XSGSPOST)  ; 

<?his  process  caxcnlates  the  signpost  entry  point  to  the  X-list. 

It  say  be  used  by  a  nurber  of  other  processes.  It  is  being 
used  here  to  find  the  entry  point  on  the  X-list  for  a  search  of 
the  X-list  fros  aa  AC  on  the  EX-list  for  the  Donino  coarse  Screen 
Pontine. > 

I5GSPOST  *  ISTBGSB  (I  /  SXDP)  ; 

BSD  X_t.IST_SISS?OST_ERTRT_CAtCPtATIO!r; 
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14.  MULTI-SITE  RESOLUTION  PROCESSING 


This  section  describes  intersite  ATARS  communication  and  the 
protocol  involved.  Communication  among  sites  is  required  when 
aircraft  are  in  conflict  in  regions  serviced  by  more  than  one 
ATARS.  the  protocol  involves  the  messages  exchanged  and  house¬ 
keeping  actions  required  to  maintain  an  accurate  data  base. 

When  aircraft  are  in  regions  covered  by  adjacent  sites,  these 
sites  coordinate  to  assure  continuity  and  non-duplication  of 
resolution  service.  Two  means  of  coordination  are  provided  in 
this  design.  Conflict  Tables  are  exchanged  using  ground 
communication  lines,  where  a  network  connection  exists  between 
two  sites.  This  is  described  in  Section  14.1.  Elsewhere,  the 
coordination  is  performed  through  the  aircraft  transponders 
using  the  Resolution  Advisory  Register  (RAR)  required  for  all 
ATARS-equipped  aircraft.  This  register  also  enables  coordi¬ 
nation  between  ATARS  and  BCAS.  This  coordination  is  described 
in  Section  14.2.  See  Reference  9,  paragraph  3. 3. 2. 3.1  for  the 
detailed  format  of  the  information  contained  in  the  RAR. 

The  ATARS  site  responsible  for  a  conflict  is  indicated  by  the 
ATSID  variable  in  the  Conflict  Table  Pair  Record.  This  variable 
may  also  indicate  that  BCAS  is  responsible. 

14.1  Conflict  Table  Exchange  Using  Ground  Lines 


The  primary  means  of  multi-site  coordination  uses  ground  lines, 
wherever  these  are  installed.  This  method  provides  ATARS  a 
complete  and  current  copy  of  the  neighboring  site's  Conflict 
Tables  so  that  seam  conflicts  may  be  recognized  and  correctly 
resolved. 

Whenever  the  Seam  Pair  Task  (Section  10)  recognizes  a  conflict 
containing  an  aircraft  in  a  seam,  it  marks  the  pair  Encounter 
List  entry  for  delayed  resolution.  The  Request  and  Process 
Remote  Conflict  Tables  Task  initiates  a  message  through  the  DABS 
ground  line  network  to  all  neighboring  sites  covering  any  part 
of  the  conflict.  The  request  (see  Table  5-3)  identifies  the 
pair  of  aircraft  that  own-site  intends  to  resolve.  This  task 
then  becomes  dormant  until  a  reply  is  received.  The  sector 
processing  executive  has  the  responsibility  to  terminate  the 
task  prematurely  when  it  is  time  to  begin  the  Master  Resolution 
(Delayed)  Task.  The  neighboring  site  returns  a  message  to  the 
requesting  site  containing  zero,  one,  or  two  Conflict  Tables 
(see  Table  5-3).  Two  tables  would  be  returned  if  the  site  had 
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the  two  subject  aircraft  in  unconnected  conflicts.  This  routine 
then  merges  these  Conflict  Tables,  so  that  requests  on 
subsequent  scans  should  always  receive  one  Conflict  Table  in  the 
reply. 

When  the  requesting  site  receives  each  reply  from  a  neighboring 
site,  it  performs  conflict  table  reply  processing.  This  process 
updates,  adds  or  deletes  Pair  Records  whose  ATSID  is  or  was  set 
to  the  neighboring  site's  ID.  This  routine  must  be  executed 
even  if  the  reply  contains  no  Conflict  Table,  as  Pair  Records 
may  exist  in  own-site's  copy  of  the  Conflict  Table.  However,  if 
no  ground  line  connection  exists,  or  if  the  reply  is  not 
received  by  the  time  the  sector  processing  executive  determines 
processing  must  continue,  this  routine  is  not  executed.  In  this 
case  the  latest  RAR  processing  update  (Section  5.2)  gives 
information  on  the  neighboring  sites'  actions. 

When  a  site  receives  a  request  for  Conflict  Tables,  that  site 
executes  the  Incoming  Seam  Pair  Request  Processing  and  Reply 
Task.  This  task  generates  the  reply  message  and  sets  ATSID  in 
the  Pair  Record  to  the  requesting  site's  ID,  unless  the  pair  is 
already  being  resolved  by  own-site.  It  is  essential  that  the 
reply  message  be  sent  as  quickly  as  possible,  so  that  the 
requesting  site  may  process  the  reply  before  it  chooses 
resolution  advisories. 

The  ATCRBS  aircraft  which  appears  in  an  exchanged  Conflict  Table 
must  be  subjected  to  a  correlation  procedure  by  the  receiving 
site  when  that  ATCRBS  aircraft  first  appears.  It  is  necessary 
to  perform  this  correlation  procedure  to  prevent  two  adjacent 
sites  from  creating  separate  Conflict  Table  Entries  for  the  same 
aircraft . 

The  site  which  sends  a  Conflict  Table  containing  an  ATCRBS 
aircraft  will  identify  that  aircraft  with  a  unique  ID.  The 
receiving  sites  need  perform  the  correlation  only  once. 
Thereafter,  a  cross-reference  will  link  that  ID  to  the  local 
State  Vector.  The  ID  selected  for  this  purpose  must  be  one  that 
cannot  be  duplicated  by  another  remote  site.  For  this  reason, 
the  ID  is  constructed  by  concatenating  the  local  CTS  slot  number 
with  the  ID  of  the  local  site. 

This  cross-reference  will  contain  entries  for  all  ATCRBS  aircraft 
within  the  local  ATARS  mask  which  the  local  ATARS  function 
currently  has  in  Conflict  Tables  that  are  being  exchanged.  It 
i 8  identified  as  CREFX  and  is  entirely  unrelated  to  the  CREFA 
cross-reference  used  in  report  processing.  Each  entry  in  CREFX 
consists  of  an  ATCRBS  ID  (created  by  either  a  local  or  remote 
ATARS)  and  a  pointer  to  the  State  Vector  of  this  aircraft  in  the 
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local  CTS.  For  ATCRBS  aircraft,  the  pointer  in  the  State  Vector 
designated  ATCREF  will  be  used  as  a  return  pointer  to  this  entry 
in  CREFX.  Only  those  ATCRBS  aircraft  which  are  in  seam  Conflict 
Tables  will  have  an  entry  in  CREFX  and  have  a  non-null  value  for 
ATCREF. 

The  ATCRBS  correlation  procedure  consists  of  a  proximity  test 
plus  ATCRBS  code  check.  An  ATCRBS  "report"  is  always 
transmitted  with  an  ATCRBS  aircraft  ID  in  a  Conflict  Table. 

This  report  consists  only  of  the  current  predicted  range, 
azimuth,  and  altitude  coordinates  and  the  ATCRBS  code.  In  the 
ATCRBS  correlation,  the  remote  range  and  azimuth  are  converted 
to  local  coordinates.  The  correlation  procedure  consists  of 
using  the  X/EX-list  in  much  the  same  way  as  in  coarse 
screening.  The  proper  location  of  the  ATCRBS  report  in  the 
X/EX-list  is  found.  A  search  along  the  X/EX-list  in  both 
directions  to  x  limits  is  made.  All  aircraft  encountered  are 
tested  against  y  and  z  limits  and  against  the  ATCRBS  code.  The 
correlation  procedure  is  successful  if  one  and  only  one  ATCRBS 
aircraft  is  found  satisfying  the  requirements. 

Correlation  should  be  attempted  every  scan  until  a  successful 
correlation  occurs.  Hence,  the  failure  to  correlate  on  the 
first  appearance  of  a  new  ATCRBS  aircraft  is  not  fatal.  An 
entry  in  REMA  is  created  and  used  until  a  successful  correlation 
occurs . 

Two  other  new  data  structures,  besides  CREFX,  are  used  to 
provide  cross-referencing  during  the  processing  of  exchanged 
Conflict  Tables.  These  are  the  remote  DABS  (REMD)  and  remote 
ATCRBS  (REMA)  lists.  A  single  entry  on  one  of  these  lists 
applies  to  a  single  aircraft.  The  entry  is  a  subset  of  the 
aircraft  State  Vector.  An  entry  on  these  lists  is  accessed 
either  directly  with  a  pointer  or  through  a  cross-reference  with 
an  aircraft  ID  (either  a  DABS  code  or  the  same  type  of  ATCRBS  ID 
used  with  CREFX) . 

It  may  happen  that  a  remote  ATARS  will  pass  a  seam  Conflict 
Table  that  Includes  one  or  more  aircraft  which  are  not  within 
the  local  data  base.  The  local  ATARS  must  retain  these  aircraft 
in  the  Conflict  Tables  as  place-keepers  so  that,  when  the  local 
ATARS  is  required  to  perform  conflict  resolution  on  an  aircraft 
in  this  Conflict  Table  which  is  in  the  local  data  base,  an 
accurate  Conflict  Table  exists.  The  local  ATARS  is  not  required 
to  process  these  remote  aircraft  in  any  other  way.  Hence,  the 
entries  in  REMD  and  REMA  serve  essentially  as  abbreviated  State 
Vectors. 
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The  REMFLG  in  the  Conflict  Table  entry  registers  the  current 
remote  status  of  the  aircraft  to  which  that  entry  refers.  If 
REMFLG  is  set,  the  ACID  field  in  that  Conflict  Table  entry  points 
to  an  entry  in  REMD  or  REMA  instead  of  to  a  State  Vector.  REMFLG 
is  not  transmitted  in  the  Conflict  Table  message  because  each 
ATARS  must  determine  for  itself  if  a  particular  aircraft  is 
remote . 

The  local  ATARS  determines  the  value  to  be  used  for  NAC  in  the 
Conflict  Table  head  of  a  received  Conflict  Table  by  counting  the 
number  of  Conflict  Table  entries.  This  field  is  not  transmitted 
in  the  Conflict  Table  Exchange  Message. 

14.2  Conflict  Table  Exchange  Using  RAR 


Since  all  ATARS-equipped  aircraft  have  a  RAR,  the  information 
contained  therein  is  always  used  to  update  and  exchange  conflict 
information.  This  data  exchange  is  primary  for  purposes  of 
coordination  with  BCAS ,  and  for  confirming  that  own  ATARS 
resolution  advisories  were  received  (see  Section  5.2  for  both  of 
these);  and  for  determining  the  current  multi-site  seam  status 
of  the  aircraft  in  geographical  processing  (see  Section  6.2.2). 
When  ground  communication  lines  are  installed  and  operating,  the 
RAR  exchange  is  secondary  for  multi-site  ATARS.  When  no  ground 
lines  are  available,  the  RAR  becomes  the  primary  method  of 
coordination. 

All  resolution  advisories  sent  to  an  aircraft  are  stored  in  the 
RAR  (unless  rejected  for  incompatibility).  The  RAR  is  read 
every  scan  by  every  ATARS  site  providing  service  to  the 
aircraft.  In  this  way,  one  site  can  learn  of  another  site's 
action  affecting  aircraft  in  the  seam.  Although  the  conflict 
information  exchanged  this  way  (see  Table  5-2)  is  less  detailed 
than  that  exchanged  over  ground  lines,  it  contains  sufficient 
Information  to  ensure  selection  of  compatible  advisories. 

Every  RAR  column  indicates  the  system  responsible  for  its 
resolution  advisories.  Normally,  when  adjacent  sites  are 
connected,  the  ATARS  site  originally  resolving  a  conflict 
continues  the  resolution  to  the  conflict  end.  This  is  true  even 
when  the  pair  flies  into  a  seam  area  where  another  site  would 
normally  have  higher  priority.  However,  when  an  aircraft  leaves 
a  site's  service  area,  that  site  must  release  it  for  pairs 
involving  this  aircraft.  This  action  is  called  a  "handoff"  in 
this  document  but  is  unrelated  to  ATC  handoffs.  The  site 
releasing  it  sends  a  message  to  any  connected  neighboring  sites 
indicated  in  the  aircraft  GEOG  variable.  This  action  gives  the 
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neighboring  sites  an  opportunity  to  immediately  assume 
responsibility  for  the  pair.  If  the  ground  line  is  not 
available,  a  neighboring  site  takes  responsibility  using  the 
rules  listed  in  Section  10. 

14.3  Pseudocode  for  Multi-site  Resolution  Processing 


The  pseudocode  for  Multi-site  Resolution  Processing  contains  two 
tasks:  the  Request  and  Process  Remote  Conflict  Tables  Task,  and 

the  Incoming  Seam  Pair  Request  Processing  and  Reply  Task.  These 
two  tasks  are  concerned  with  the  exchange  and  updating  of 
information  in  the  Conflict  Table  data  structure.  This 
pseudocode  does  not  provide  the  full  details  of  Pair  Record 
creation,  deletion  or  updating.  These  should  conform  to  the 
treatment  of  Conflict  Tables  elsewhere  in  the  document,  except 
where  otherwise  specified. 
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pseudocode,  trble  or  contents 


2121 


REQUEST  MID  PROCESS  REHOTE  CORELICT  TiBLES  TRSE  LOf-LETEL  LOGIC . 14-P3 

TASK  REQUEST_RNO_PROCESS_REflOTB_CONPLICT_TiBLES  .  1N-R3 

PROCESS  conflict_table_reply_procassing  ....  .  1N-P5 

ROUTINE  RIRCRRET_P!MR_IDENTIEIC»TTON . 14-PT 

IRCORIRG  SERB  PMR  REQUEST  PBOCESSIHG  END  REPLT  TXSN  LOR-LETEL  LOGIC  .  14-P9 

TRS*  INCOSIMG_SEAn_PMR_REQUEST_PHOCESSIRG_RND_RNPLT  .  14-R9 

PROCESS  *:able_f ind_aerge . 14-R11 
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TXSE  PSQtJEST_MD_Pft0CfSS_8B10T2_C0flrt.ICT_THBI.SS 
Ifl  (Encounter  list) 

OPT  (aessages  to  remote  sites) 

TflODT  (conflict  tables) ; 

<Sor  pairs  requiring  resolution,  request  conflict  tables  from 
connected  si*es  that  see  either  aircraft. > 

°??BHT  PHIT.S  (aore  pairs  on  Encounter  list  indicating  Delayed  resolution) 
Select  pair; 

Deteraine  all  connected  sites  that  see  either  aircraft; 

Send  COSFLICT  TX8LE  PBQtJEST  message  for  pair  to  these  sites; 

PSPS*"*  gfl'niL  (all  such  si’-es  reply)  ;  <executi we  will  teraina*e 

loop  when  tine  is  up> 

Wait  for  a  reply  to  process; 

PSPPOPH  conf lict_table_reply_processing; 

Sfl08S°SHT: 

FflPPEPSX  T: 


<Pair  can  now  go  to  Delated  Pesolution> 


BMP  PEQPSST_  MD_’5POCSSS_PBflOTS_COflFLICT_THBLSS ; 


PBQDEST  HAD  PBOCESS  PEHOTE  C0SF1ICT  "HBIES  TXSF  SIGH-LEVEl  10GIC 
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TISK  RCaOBST_*!ID_PSOCSSS_RB!!OTB_CO»n.rC*_',iBtBS; 

UJ  (Bnconnter  list) 

OPT  (messages  to  resote  sites) 

HOOT  (conflict  tables)  ; 

HEPEI*  WHILE  (sore  pairs  with  ELBRTRT.  DBLRBQ  set); 

Select  pair; 

Deter line  all  connected  sites  in  ICID1->STBCT.GB0G  0£  ICID2->STBCT. GBOG 
Send  CORPtlCT  TABLE  RBQOEST  HBSSIGE  for  pair  to  these  sites: 

REPEAT  0KT1L  (all  snch  sites  reply)  ;  <executiwe  will  tersinate 

loop  when  tine  Is  np> 

Wait  for  a  COHPLICT  TABLE  REPLY  HESSAGE  to  process; 

PEPEOPH  confllct_table_reply_processing; 

I3L2mill: 

EBPRgpEAT; 

ERD  REQtJEST_ARD_?ROCESS_REHOTE_COHPLICT_T  ABIES; 


PEQ0B3T  ARP  PROCESS  REBOTB  CORFLICT  TABLES  TISK  LOW-LEWEL  LOGIC 
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PROCESS  conf lict_table_reply_processing; 

<Exaaine  conflict  tables  in  reple  and  npdate  oen  data  base.> 

BSPEA11*  WHILE  (any  inn  pair  records  in  reply)  ; 

Select  next  pair  record: 

I?  (pair  record  shoes  replying  site  in  control) 

THEH  CALL  AIRCBAPT_PAI8_IDE!ITTFICATI0R: 

IP  (both  aircraft  not  reeote) 

THEH  Create  or  update  pair  record  in  oen  conflict  table; 
Set  ATSID=  replying  site; 

Update  track  nuabers: 

ELSSI*'  (pair  record  shoes  a  non-connected  site  in  control) 
t»tii  cull  Ar8CPAFT_PArR_rosETiPicATio*: 

IP  (both  aircraft  no»  reeote) 

THEH  Create  or  update  pair  record  in  oen  conflict  table: 
Se*  ATSID=  site  shoen  in  aessage; 

Update  track  nuabers; 

Q-'HEBWISE;  <don't  update  if  oen  site  shoen> 

E»DP>PEk-: 

Delete  any  pair  records  for  this  site  containing  unknoen  AC: 

Update  conflict  table  head  data; 

sia  confiic*_table_reply_processing; 


PEOUBS-  A  ED  PROCESS  REHOTB  CORPLICT  TABLES  TASR  HTGR-LEPSt  LOGfC  — 
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PROCESS  conflict_table_replT_processing; 

RBRBAT  WHILE  (any  wore  pair  records  in  reply)  ; 

Select  next  PRBC; 

IP  (PRBC.  ATSIO«  replying  site) 

THBR  CALL  AIRCRAPT_PAI R_IDERTIPICATIOR 
15  (prbc.  act.  PRC,  prbc.ac2.pao 
OCT  (CRBPX,  rera.  RESD,  CfiBPA,  CREED)  ; 

II  (both  aircraft  STECT.RRPL  not  set) 

ism  Create  or  update  pair  rec.  in  own  conflict  table; 
PRBC. ATSID-  replying  site; 

CLEAR  PRBC.  SER01.2; 

Update  PREC.AC1.",RRID  and  PRBC.  AC2.  TRKIO; 

PLSBIP  (PRBC.  ATSID-  a  non-connected  site) 

TREE  CALL  AIRCRAPT_PAIR_TDEETIPICATIOE 
U  (PRBC.  AC1.PAC,  PRBC.  AC2.PAC) 

OPT  (CREPT.  REST,  READ,  CRBPA,  CRBPD)  ; 

IP  (both  aircraft  STBCT.RBPL  not  set) 

THBR  Create  or  update  pair  -tec.  in  own  conflict  table; 
PREC. ATSIO»  site  shown  ia  asg; 

CLEAR  PRBC.  SBRD1.2; 

Update  PREC. AC1 -TRRID  and  PRBC. AC2. TR RIO; 

OTHERWISE:  <don*t  update  if  own  site  shown> 

02UES1X: 

REPEAT  while  (any  pair  records  with  PRBC. ATSlO=replying  site  and  containing 
a  PRBC.  PAC- BURR)  ; 

Select  next  such  pair  record; 

CI)LI  PAIR_RECORD_OELBTIOE 

12  (PRBC. PAC1,  PRBC. PAC2,  pointer  to  PREC) 

TROUT  (conflict  tables,  CTS) ; 

Update  CtRB AO  data: 

BRO  conf llct_table_reply_processing; 

-  REQO*ST  ARO  PROCESS  REROTB  CORPLICT  TABLES  TASK  LOW-LBTBl  LOGIC  - 
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BOPTIBB  AIRCR APT_PAIR_IDBBTiriCATIOB 
JJJ  (AC  Identifiers) 

221  (casrx  cross-reference  table) ; 


<Relate  other  site's  identification  to  own  data  base.> 


RBPBAT  PBI|'H  (both  aircraft  processed) ; 

1 1  (aircraft  described  as  'unknown*) 

laJEU: 

BtSBXf  (aircraft  is  DABS) 

■rgBp  (CABS  ID  fonnd  in  CHBPD) 

THB£;  <CB SPD  points  to  state  sector  or  RBSD  entry> 

ELSE  Create  BBHD  entry  and  enter  in  CREPD ; 

0TBBBB1SB  (ATCRBS  reference  no.  is  in  CRBBX  file) 

THEB;  <C8EPX  points  to  correct  state  sector^ 
gis;  contort  position  data  to  local  coordinates: 

Ose  ATCRBS  position  and  code  data  to  search  X/BX  list 
for  sufficiently  close  natch; 

U  (Batching  ATCRBS  found  on  X/BX  list) 

TjjBB  create  CBBPX  entry  linking  other  site's 

kTCBBS  reference  nunber  to  own  state  sector; 
in. SB  Create  or  update  RBSA  entry  for  aircraft; 


Select  nest  aircraft: 

M2M22AI! 

EBP  AIRCSAP",_PAIR_IDBRTiriCATIOS; 


REQORST  ABO  PROCESS  RBBOTB  COBBIICT  TABtBS  TASK  HI9H-tBTBi  LOGIC 
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rootibe  aircraet_paib_idertibtcatiob 
JJI  (PP5C.AC1.PAC,  P9SC.  AC2.  PAC) 

OPT  (CPEEX ,  °  ERA ,  PESO,  CPEPA,  CPEPO)  ; 

/relate  other  site's  identification  to  own  data  base> 

REPEAT  PETIT  (both  aircraft  processed)  : 
l?  (PPEC.PAC  *2  *»■*) 

TFIElf: 

EL  SET?  (OREC.PAC  is  DABS  type) 

(DABS  ID  found  in  CREED) 

THEE;  <CREEO  points  to  state  rector  or  PBBD  en*-ry> 
else  Create  RE. ID  entry  and  enter  in  CREED: 

(ATCPBS  reference  no.  is  in  CREPT  file) 

THSR:  <CREBX  points  to  correct  state  vector> 

ELSE  Convert  position  data  to  local  coordinates: 

Ose  ATCPBS  position  and  code  data  to  search  X/EX  11 
for  sufficiently  close  natch; 

JE  (Batching  ATCPBS  found  on  I/EX  list) 

TBEB  Create  CPEEX  entry  linking  o*her  site's 
ATCPBS  reference  nnnber  to  own  state  rector 
ELSE  Create  or  update  REBA  entry  for  aircraft; 

Select  next  aircraft; 

BBPREPSAT; 

BID  AIECSAPT_°AIR_IDSBTIPICATIOR: 


TREE  IZ 


0TRBR9ISE  1? 


_  pwfjDEST  ABO  PROCESS  REBOTE  COSELICT  TABLES  TASK  LOf-LBTBL  LOGIC  - 
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TASK  mCORXH-S8AH_PAIH.>8BQOBST_PROCBSSTRG_ARD_HB PIT 
15  (aeaaage  Dialog  pair,  requesting  site  ID) 

<Ssg  can  be  conflict  table  request,  dale  esq,  deletion  sag,  handoff  »sg-> 
OPT  (aessages  to  reaota  site) 

HOOT  (conflict  tables) ; 

CULL  A  IHCIAPT_PAIH_IDIHTIPICATIOr: ; 
iz  (DBISTXOW  sees age) 

I HI  ClLj  PAIW_  BBCOHD_DEl ETIOR ; 

BLSBIF  (Cl AIR  aessage) 

THRU  IP  (pair  record  exists  eith  osn  site  In  control  ARP  "«n_iD  GT 
requesting  slte_ID) 

THBH:  <ignore  claia> 

BLSB  PEBBOBfl  table,find_«erge; 

Update  pair  record  to  shoe  requesting  site  in  charge; 
BLSEIP  (HAH  DOPE  less  age) 

I2I3L  II  (pair  record  exists  shoeing  sending  site  in  charge) 

THSH  SBT  handoff  bit  In  pair  record; 
o^HBtatSB  Reply  *ith  conflict  table  requested; 

BHD  I HC0HIHG_SEAH_PAIH_REQ0BST_PB0CES3IRG_AMD_REPLT ; 


IHCOHIHG  SEAR  PAIR  I8Q0S3T  PBOCBSSXBG  l»D  BBPtX  TAS*  BIGH-tBTEL  LOGIC 
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T1SR  IRCO8IRG_SB1H_>PII8_BEQ0EST_P8OCESSIRG_1RD_RBPLT 
It  (aaaaaga  naning  pair,  raqnaating  slta  ID) 

<nag  can  ba  conf.  tabla  ragnast,  claim  aag,  dalation  tag,  handoff  asg> 

OPT  (aaaaagas  to  ramoto  alt*) 

IROOT  (conflict  tablaa) ; 

Cl LL  II SCRIPT  _PlIR_IDSRTIPIClTIOR 
II  (PRBC) 

OPT  (CREPK,  BBH1,  BBBO,  CRBP1,  C8BTD)  5 
IP  (DBLBTIOR  aaaaaga) 

THBR  Cl II  PlI8_8BCORD_DBtBTIQ» 

IS  (1CID1.  1CID2,  J  ROLL  pointar) 

IROOT  (conflict  tablaa,  CTS) : 

BLSBIP  (CLUB  aaaaaga) 

THBR  II  (pair  racord  axiata  with  PRBC. ITSID-STSTEH.ORRID  M2 
STSTBH.  OR  rid  21  raqnaating  aita_lD) 

IBBjj;  <ignora  clala> 

BLSB  PBRPOBH  tabla_flnd_narga; 

PRBC.  lTSXO»raqaasting  slta; 

CLE1R  P8BC.RD0PP; 

CLB1R  PRBC.SBRD1  ,2; 

BLSBIP  (H1ROOPP  aaaaaga) 

TBSR  If  (pair  racord  axiata  and  PRBC.  1TSI  IN  sanding  alta) 

THBR  SSI  PRBC.HDOPP; 

0THB8RISB  Sand  CORPLICT  T1BLB  RBPLT  laaaaga  containing  conflict  tabla  raqnaatad; 

BRD  IBCORIRG_SBRfl_»lIR_RBQ<JB5T_?ROCB53IRG  JIRD_8BPLT ; 


IRCORIRG  SBlfl  PUB  RBQ0B3T  PB0C83SIRC  1RD  RBPLI  T1SR  LOf-tBTBL  LOGIC 
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*aaa«<  iMWTOiKlr  iln  - .  ~  ...w 


■w  it  a  * 


PBOCESS  t able_find_aerge; 

If  (aircraft  in  separate  conflict  tables)  CnnXnown  iC  always  considered  distinct) 
THE3  Serge  tables; 

Create  new  pair  record  for  this  pair; 

ELSEI?  (aircraft  in  saae  conflict  table  bnt  no  pair  record  2»  only 
one  aircraft  in  a  conflict  table) 

T383  Create  new  pair  record  for  pair; 

ELSE!?  (neither  aircraft  is  in  a  conflict  table) 

"‘EES  Create  new  conflict  table; 

Crea*e  pair  record  for  pair; 
otherwise*.  <pair  record  already  exists) 

ESD  iable_find_uerge; 


I3C0NISG  SEifl  »)U  8EQ0EST  PKOCSSSIltG  »«D  EEPtT  TKSK  3IGH-LE7EI  LOGIC 
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PROCESS  t able_find_eerge; 


If  (AC1  STECT.CTPTR  BE  AC2  STECT.CTPTR) 

THEM  Serge  tables; 

Create  new  pair  record  for  this  pair; 

EtssiE  (ACi  stect.ctptr  ?2  »c 2  svect.ctptr  bat  no  pair  record  OR  only 
one  aircraft  STECT.CTPTR  non-nail) 

TUBE  Create  new  pair  record  for  pair; 

B1SEIE  (both  He  STECT.CTPTR*  s  null) 

THEN  Create  new  conflict  table; 

Create  pair  record  for  pair; 

OTHERWISE;  <pair  rec.  already  ezists> 

Update  CTHEAD  data; 

ESP  table_f ind_aerge; 


I  NCOS ING  SEAS  PAIR  REQ0E3T  PROCESSING  AND  BEPtT  TEST  tON-lETEl  tOGIC 


15.  PAIR  AND  TRACK  REMOVAL  PROCESSING 


The  Resolution  Deletion  Task  and  the  Conflict  Pair  Cleanup  Task 
ensure  that  each  conflict  resolved  by  the  local  site  Is  closed 
out  In  the  proper  manner  when  the  conflict  is  over  and  that 
conflict  data  stored  in  the  Pair  Records  is  deleted  when  it  is 
no  longer  needed.  The  State  Vector  Deletion  Task  removes 
aircraft  from  the  Central  Track  Store  when  they  leave  the 
ATARS/Domino  Surveillance  Area  or  when  they  are  no  longer  being 
adequately  tracked. 

15.1  Resolution  Deletion  Task 


The  Resolution  Deletion  Task  examines  the  Encounter  List  for 
conflict  pairs  no  longer  requiring  resolution  advisories.  For 
each  such  pair,  this  task  calls  the  Conflict  Closeout  Routine  to 
determine  whether  the  Pair  Record  can  be  deleted.  If  so,  the 
Pair  Record  Deletion  Routine  is  called.  If  not,  the  PWISF  flag 
is  set  in  the  Pair  Record  to  indicate  that  the  pair  has  been 
processed  on  the  current  scan. 

The  Conflict  Closeout  Routine  checks  for  two  basic  conditions: 
(1)  an  aircraft  has  just  flown  out  of  the  coverage  area  of  the 
local  site,  and  or  (2)  the  local  site  has  assumed  responsibility 
for  the  pair,  but  is  no  longer  calling  for  resolution 
advisories.  When  an  aircraft  is  discovered  to  have  flown  out  of 
coverage  of  the  local  site,  all  resolution  advisory  information 
pertaining  to  that  aircraft  can  be  cleared  out  of  the  Conflict 
Table;  this  may  mean  that  a  Pair  Record  involving  that  aircraft 
can  be  deleted  Immediately.  For  a  local-responsibility  conflict 
where  resolution  advisories  are  no  longer  needed,  the  Conflict 
Closeout  Routine  will  normally  place  null  resolution  advisories 
in  the  Conflict  Table.  In  some  exceptional  cases  (e.g., 
positive  advisories  have  not  been  up  long  enough),  however,  the 
Pair  Record  will  be  left  unchanged  as  long  as  necessary.  Once 
the  aircraft  have  received  null  advisories  for  a  conflict,  the 
Conflict  Closeout  Routine  will  permit  the  Pair  Record  to  be 
deleted.  In  instances  where  initial  resolution  advisories  have 
not  yet  been  selected  for  a  conflict  but  the  detection  logic  is 
not  calling  for  resolution  on  the  current  scan,  the  Conflict 
Closeout  Routine  implements  part  of  the  two-out-of-three  logic 
by  updating  POSCMD  and  deleting  the  Pair  Record  if  appropriate. 

The  job  of  deleting  a  Pair  Record  is  always  performed  by  the 
Pair  Record  Deletion  Routine.  This  routine  is  called  by  the 
Resolution  Deletion  and  Conflict  Pair  Cleanup  Tasks,  as  well  as 
by  the  RAR  Processing  Task,  the  Request  and  Process  Remote 
Conflict  Tables  Task,  and  the  Backup  Mode  Initiation  Process. 


When  a  Pair  Record  ia  deleted,  the  Conflict  Table  entry  for  each 
aircraft  may  be  simplified  or  deleted.  It  is  possible  at  this 
point  for  a  multi-aircraft  Conflict  Table  to  split  into  two 
separate  Conflict  Tables.  It  then  becomes  necessary  to 
determine  which  aircraft  belong  in  each  of  the  resultant 
tables.  This  is  accomplished  by  examining  the  remaining  Pair 
Records  and  Conflict  Table  entries.  This  process  is  described 
conceptually  in  the  pseudocode  as  the  creation  of  three  new 
lists  (A,  B,  and  C  -  lists).  However,  the  same  effect  can  be 
achieved  by  the  manipulation  of  pointers,  rather  than  by  the 
actual  creation  of  separate  lists  of  aircraft  and  conflict  pairs. 

15.2  Conflict  Pair  Cleanup  Task. 


The  Conflict  Pair  Cleanup  Task  performs  a  function  equivalent  to 
the  Resolution  Deletion  Task.  The  Conflict  Closeout  Routine  and 
the  Pair  Record  Deletion  Routine  are  the  primary  routines  called 
by  this  task.  The  Conflict  Pair  Cleanup  Task  serves  primarily 
as  a  backup  to  the  Resolution  Deletion  Task  to  ensure  that  no 
conflict  pairs  are  overlooked  and  fail  to  be  deleted  when  the 
data  is  no  longer  needed.  This  task  might  be  needed,  for 
instance,  if  a  pair  for  which  own  site  is  responsible 
unexpectedly  failed  to  pass  through  the  coarse  screen  filter. 
Unlike  the  Resolution  Deletion  Task,  the  Conflict  Pair  Cleanup 
Task  searches  through  the  Pair  Records  for  the  current  ATARS 
sector,  looking  for  pairs  which  have  not  been  processed  on  the 
current  scan. 

15.3  State  Vector  Deletion  Task 


This  task  processes  aircraft  on  the  Deletion  List  (not  to  be 
confused  with  "resolution  deletion"  entries  on  the  Encounter 
List)  and  removes  each  aircraft  State  Vector  from  the  Central 
Track  Store  if  appropriate.  An  aircraft  may  be  put  on  the 
Deletion  List  in  three  ways: 

1.  By  the  Track  Update  Process  if  DABS  has  lost 
surveillance  contact  with  the  aircraft. 

2.  By  the  Track  Update  Process  if  missed  reports  have 
caused  the  ATARS  track  firmness  to  drop  below  the 
level  needed  to  qualify  for  ATARS  service. 

3.  By  the  Report  Processing  Task  if  the  track  is  seen  to 
have  left  the  ATARS/Domino  Surveillance  Area. 

If  the  aircraft  is  still  contained  in  a  Conflict  Table,  a  REMA 
or  REMD  entry  is  created  at  the  time  the  State  Vector  is 
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deleted.  If  ATARS  has  some  unfinished  business  with  the 
aircraft,  such  as  a  null  advisory  to  be  sent,  State  Vector 
deletion  is  delayed. 

15 . 4  Pseudocode  for  Pair  and  Track  Removal  Processing 


The  pseudocode  for  pair  and  track  removal  is  presented  in  this 
section.  It  should  be  noted  that  the  Resolution  Deletion  Task 
and  the  Conflict  Pair  Cleanup  Task  call  the  same  set  of 
routines,  which  are  presented  once,  following  the  Resolution 
Deletion  Task.  Also  note  that  in  the  Conflict  Closeout  Routine, 
pointer  (PTR)  variables  are  used  to  indicate  variable  GROUP 
names;  this  convention  does  not  adhere  strictly  to  the 
established  rules  for  pseudocode. 


15-3 


■  ■  ■  ■■  .1  A-"— ♦ 


£131 


Esiaaasaai  -ims_fl£-s3juara 


PAIR  AND  TRACE  EEHOTAL  LOCAL  PARABETSRS . 15-P3 

RESOLOTIOE  DELATION  TASK  L09-LETSL  LOGIC  .  .  .  15-?5 

"•ASK  RESOLT*! OB_DELETIOH . 15-P5 

\ 

ROT'INE  CO’IETIC",_CLOSEOOT . 15-P7 

V 

process  bot h_aircraft_Tisibla  . 15-P9 

'  i 

PPOCESS  one_alrcraft_»lslbl* .  13-911 

RO^TI'lE  ?AIR_RECO»D_OEtETIOE .  15-PI  3 

PROCESS  seareh_f or_palr_racord .  15-P15 

°°0CESS  deletion  notification .  15-P17 

PROCESS  C?E_deletlon  .  ,  .  15-°19 

PROCESS  c^E- simplification  .  15-P21 

PROCESS  *est_Eor_conf llct_tabl«_spllt  .  c  15-P23 

PODTI!!”  SERE_EL*G_OPORTE . .  . . . 

ROOTIES  . . . .  15-P27 

COEELICT  PAIR  CLEAHOP  TASE  LOI-LBTBl  LOGIC  ...  .  15-P29 

TUSK  COEfLICT_P8IB_CLB»8GP  .  15-P29 

STATE  SECTOR  0*LBTIOB  "’ASK  108-LETBL  LOGIC .  15-P31 

"•USE  STV-E_VECTO8_0ELETIOB . . .  15-P31 
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<**•  P»B*8BTSfiS  USBD  t!I  0»D»TE_SBCT0B_ID  BOOTISB  ***> 


STBOCTOBB  OSTPUBS 

SBOOP  Talaes 
ITT  SB* fi 1 
1ST  SBHR2 
1ST  HM.PSBC 

BSDSTBPCTPBB: 


I 


<  Lieit  of  "nearness"  for  two  sectors  > 

<  Alternate  lieit  of  "nearness"  > 

<  Half  of  total  sectors  > 


i....  t 

PKE.CiDli'*}  PAG*  BLAMK-NOT  ITT  i J,n,:n 


P»IB  ISO  TBACK  SBBOSHt  LOCAL  PABABETSBS 

u-n 


t 


* 


-USE  8;SOLO',IO!I_D»LCTIOB 

IK  (Fncoan*er  list,  central  tract  store) 

TypO"*  (tinted  list  of  conflict  tables)  : 

<  •’’his  task  etanines  the  encounter  list  for  conflict  pairs  no  longer  requiring 
resolution  adxisories  froe  the  local  site.  It  then  ensures  that  each  such 
conflict  is  closed  out  in  the  proper  Banner.  > 

REPEAT  RFILE  (there  are  sore  entries  in  the  encounter  list  to  be  exaained)  ; 

let  next  entry  fros  encoanter  list; 

1°  (entry  type  so  'resolution  deletion') 

TSFR  Find  conflict  table  and  pair  record  for  ‘his  conflict; 

CALI  CORFI.ICT_Ct.DSFO  0? ; 

IF  (okay  to  delete  pair  record) 

THER  CELL  PAIR_RECOHD_DBLBTIOK; 

ELSE  indicate  in  pair  record  that  this  pair 
has  been  processed  on  current  scan; 

Set  pointer  to  list  of  potential  doeino  conflict 
aircraft  to  null  for  both  aircraft; 

F1.SE  ;  <  do  not  process  this  entry.  > 

BKDFEPFAT; 

BHD  PESOLO^IOR.DBLETIOR; 


HBSOLOTIOR  DFLETIOR  TASK  RIGB-lETEl  LOGIC 
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T>SE  B»SOLtJTtOE_OELETIO» 

15  (Encounter  lis*,  central  track  store) 
moq*1*  (Linked  list  of  conflict  tables)  ; 

BIT  PPOELOE; 

RBPEhT  EBTLB  (there  are  sore  entries  In  the  encounter  list  to  be  exaalned) ; 

Set  next  entrx  fros  encounter  list; 

H  (ELEETRT. ROREQ  12  STSOB) 

TBEB  Bind  conflict  table  and  pair  record  for  this  conflict; 

<  as  performed  in  PROCESS  s»arch_for_pair_reeord 
in  ROOTISE  PHI*_PBCORD_DELETIOR  > 

CULL  CORflICT_CLOSEO!JT 

IB  (DCID1 ,  1CID2,  conflict  table,  pair  record) 

OPT  (PBDELOE)  ; 

U  (PBDELO*  12  S^BI?) 

THEB  CKLL  PSIB.BBCOBB^DELBTIOB 

US  (1CID1,  ICID2,  pointer  to  oair  record) 
I5Q3T  (Conflict  tables,  central  ‘rack  store)  : 
ELSE  SEt  PHSC. PBISE; 

PBEC.  ac*.  IRTR  »  SBOLL; 

PBEC.ac2.IBTB  «  1B0LL; 

Eisy  ;  <  do  not  process  this  entry.  > 


EEPBBPEiT: 


EBP  BESOLBTI OB_DELBTIOB ; 


BSSOIOTIOB  9ELETI0H  TkSB  101-lBTEL  LOGIC 
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»OPTI n  COf*lICT_ClOSROUT 

11  ( S  ta  *  *  vectors,  conflict  table,  and  pair  record  for  a  conflict) 

OUT  (Indication  that  pair  record  can  be  dalatad) : 

<  This  rontine  closes  oat  conflicts  vhan  either  (1)  the  local  site  is 
responsible  and  is  no  longer  calling  for  resolution  advisories  or  (2)  an 
aircraft  In  conflict  has  flovn  oat  of  coverage.  > 

If  (bo*h  aircraft  are  visible  to  ovn  site) 
raw  Pggroaa  both_aircraft_vislble; 
t^StlF  (one  aircraft  is  visible  to  own  site) 

■“at*  pgpf OBB  one_aircraft_vislble; 

OTpvRSISg  indicate  that  pair  record  can  be  deleted; 

tao  coart icv_ctostoPT; 


atsotoTioa  ofitTioa  task  Bisa-tgrtt  toorc 
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FOOT!*;  CORPLICT_CLOSEOOT 

IF  (XCI81,  ACIB2,  conflict  table,  pair  record) 

OPT  (PFDELOF)  ; 

BIT  (7ISI9LE1,  7ISIBLE2)  ; 

PTF  (S7ECT7,  acr,  acn») ; 

II  (S7ECT1 . FEHFLG  52  SFXLSE  ARB 

(STECn.ATSS  B2  STFtJE  OF  S7ECT1 . DF ITS  52  tTFOB) ) 
-FEB  SBT  7ISIBLE1; 

S7ECT7  =  S7ECT1; 
act  =  acl: 

ELSE  CLEAR  7ISIBLE1; 
acn*  =  ad; 

I*  (S7ECT2 . REEFLG  52  SPALSE  ASO 

(S7EC-2.ATSS  E2  STROP  OF  S7ECT2.  DP  ATS  *2  STFOE) ) 
-FEB  251  7ISIBLE2; 

S7ECT7  *  S7ECT2; 
act  =  ac2; 

ELSE  CLEAR  7ISIBLP2; 
acn»  =  ac2; 


15  (7ISISLE1  B2  STRtJE  AJID  7ISIBLB2  52  STROP) 
TREE  PER PORE  bot h_aircraft_rlsible; 

ELSEIP  (7TSIPLE1  52  STROE  OF  7ISIBLE2  52  StROE) 
THEH  PEP  EOF  H  one_alrcraft_Tislb  le; 
QTHEBBISE  SET  PPDELOK ; 

BRP  COB?tICT_ClOSFOOT; 


PESOLOTIOR  OELF'-IOB  task  lof-letbl  logic 
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PBOCSSS  both_aircraft_visible; 

<  This  process  handles  the  closeout  of  a  conflict  vhen  both  aircraft  are 
still  visible.  > 

XT  (the  uplink  of  resolution  advisory  sassages  is  being  attempted 
to  either  aircraft  for  this  conflict) 

THfll  aa  0PD»TE_SBC?O8_ID: 

IP  (handoff  to  another  1TABS  site  is  not  being  atteepted  HHO 
resolution  advisory  not  null  for  at  leant  one  aircraft  DUD 
(incompatible  advisories  sere  detected  on  last  uplink  21 
positive  resolution  advisories  were  not  selected  21 
positive  advisories  have  been  up  long  enough)) 

THBH  clear  resolution  advisory  in  conflict  table 
for  both  aircraft; 

BLSBIP  (ovn  site  is  responsible  for  resolving  this  conflict  >BD 
initial  resolution  advisories  have  not  yet  been  selected) 

THPB  Update  counter  to  indicate  a  • miss'  on  this  scan; 

If  (too  aany  scans  vithout  any  ’hits') 

THBB  indicate  that  pair  record  can  be  deleted; 

OTHBBBISE  ;  <  take  no  further  action.  > 

flip  both_aircraft_visible; 


aSSOlOTXOR  DBLETIOR  TkSK  BISH-LBTB1  LOSIC 
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PROCESS  both_alrcraft_Tislble; 


n  (PPEC.acl.SISO  22  J-RCE  2S  PSTC.ac2.SESD  Sfi  STSOE) 

THES  CULL  UPD»TE_SECTOR_ID 

ISOOT  (1CID1,  SCID2,  conflict  tabla,  pair  record): 

IS  (PREC.HDOPP  22  SEMSB  USD 

PREC.fSis  or  Esse. HSUS  not  nail  for  at  laast  one  aircraft  4H> 
(P1TC. POSCHO  22  of  SRCHSSG,  SRCHDBL,  JSBG, 

SSBG,  or  $  DOUBLE  21 
(Psec.poscso  22  spos  U2 
SrSTHR.CTIHB  GJ  »REC. TSTURT  ♦  f  SCBD)  )  ) 

THES  clear  resolution  adeisors  In  conflict  table 
for  both  aircraft; 

ELSEI*  (PREC.ATSID  22  OSSID) 

1-HES  12  (PHEC.POSCSO  22  SOSEHIT) 

THES  PREC.POSCHD  =  JOSESIS; 

ELSEIT  (PSEC.POSCSO  *2  SOHEHIS) 

THES  SET  PR DELOS; 

<airan»  : 

OTHgSSIS^  ;  <  take  no  farther  action.  > 

ESP  both_alrcraft_rtsible; 


SSSOLDTIOS  DBLETIOS  TUSE  LOS-ISTET,  LOGIC 
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PROCESS  one_aircraft_vislble; 

<  '''his  process  handles  the  closeout  of  a  conflict  when  only  one  of  the 
aircraft  is  still  risible.  > 

Clear  resolution  advisory  in  conflict  table  for  non-visible  aircraft: 

Indicate  in  pair  record  that  uplink  of  resolution  advisories  to  non-visible 
aircraft  will  no  longer  be  atteapted; 

If  (uplink  of  resolution  advisories  to  visible  aircraft  is  still  being 
atteepted  for  this  conflict) 

THfw  Sector  ID  in  pair  record  =  sector  of  visible  aircraft: 

I*  (resolution  advisory  !?  null  for  visible  aircraft  ARD 
handoff  to  another  ATARS  site  is  not  being  atteepted) 

THSH  IP  (incoaoatible  advisories  were  detected  on  last  uplink) 
^HEW  clear  resolution  advisory  in  conflict  fable 
for  visible  aircraft; 

ELSEI?  (visible  aircraft  is  BCAS-equipped) 

THEB  indicate  in  pair  record  that  uplink  of  resolution 
advisories  to  visible  aircraft  will  no 
longer  be  atteepted  for  this  conflict; 

ELSEIP  (positive  advisories  were  not  selected  OR 

positive  advisories  have  been  up  long  enough) 

THKW  clear  resolution  advisory  in  conflict  table 
for  visible  aircraft; 

OTHERWISE  ;  <  take  no  further  action.  > 

ELSE  IP  (resolution  advisory  is  null  for  visible  aircraft) 

THEW  indicate  that  pair  record  can  be  deleted: 

ISP  one_aircraff_visible; 


RESOLSTIOR  DSIETIOK  TASK  HIGH-LEVEL  LOGIC 


PROCESS  one_aircraft_visible; 


Cl*ar  resolution  advisory  in  conflict  table  for  non-viaible  aircraft; 
CLfRR  PRBC.acnv.SBBD; 

U  (PBEC.acv.  SB8D  £2  STROP) 

THEM  PRBC.SBCTIO  -  STBCTT. STSTD; 

U  (PREC. fR»8  or  PREC.H81R  not  nail  for  visible  aircraft  krd 
PREC.HDOPP  52  SP1LSB) 

Iasi  IP  (P8BC.  POSCHD  52  SRC8SRS  08  P8SC. POSCHD  £2  SRCRDBL) 
TREE  clear  resolution  advisory  ia  conflict  table 
for  visible  aircraft; 

ELSEIT  (SVBCT».  1TSB2  Eg  S1BEQ) 

THEE  CLEAR  PREC.acv. SEED; 

EL 5 El*  (P8  EC.  POSCHD  RE  SPOS  OR 

SISTER. CTIRB  2J  PRBC.TSTilRT  t  TSCHD) 

TREE  clear  resolution  advisory  in  conflict  table 
for  visible  aircraft; 

QTRBB8ISE  ;  <  take  no  further  action.  > 

512*  U  {resolution  advisory  is  null  for  visible  aircraft) 

THE8  SB*  PRDELOK; 

880  one^aircraft_visible; 


HB3OL0TIOE  DBLSTIOE  TkSE  LOt-LETBL  LOGIC  - — 

1 
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ROPTIE*  PkTR_RECOBD_DELETIOR 

IB  (IDs  of  t wo  aircraft,  pointer  to  pair  record) 

IWOP?  (Conflict  tables,  central  tract  store) ; 

I?  (pointer  to  pair  record  E£  nail) 

TREE  PERPOB 3  search_f or_palr_record : 

JP  (pair  record  exists) 

TREE  PEBPORW  delet ion_notif ica* ion : 

Sawe  aircraft  IDs  and  poin*er  to  pair  record; 

Rnlink  pair  record; 

LOOP;  <  Repeat  for  each  ‘known*  aircraft  in  pair.  > 

Reduce  the  naaber  of  conflicts  for  this  aircraf*-  by  1; 

IP  (there  are  no  sore  conflicts  involving  this  aircraft) 
THEM  PERFORM  CTE_deletion; 

ELSE  PERFORM  CTE_siaplif ication; 

PIT TIP  (all  ’known’  aircraft  in  pair  have  been  processed); 
EMOtOOP; 

Delete  pair  record; 

IP  (no  aore  aircraft  reaain  in  conflict  table) 

THEM  unlink  and  delete  entire  conflict  table; 

EISBIP  (naaber  of  aircraft  reaaining  in  conflict  table  *) 
THEM  <  conflict  table  cannot  hawe  split.  > 

Cl’L  SE»H_Fl»G_DPD»TB; 

OTHERWISE  PERFORM  test_for_conf lict_table_split ; 

RE  ;  <  take  no  action.  > 

EBP  ?»IR_REC08D_DBLBTI0M; 

-  RESOLDTIOR  DELETIOB  TBSE  HIGH-IETEL  LOGIC  - 


15-P12 


ROPTIRB  PAIR_RBCORD_DBLETIOR 
IS  (ACID1,  ACID2,  PRIORI 

IROOT  (Conflict  ‘ables,  central  track  store)  ; 

12  (PRPT8  22  SHOIL) 

1225  PBBSORS  search_for_pair_record; 

I?  (PRPTR  »2  *R0L1) 

1222  2221223  deletion_ootification; 

Save  PREC.acl.Pac,  PRSC.ac2.PAC,  and  PRPTR; 

Delink  oair  record; 

LOOP;  <  Repea*  for  each  'known*  aircraf*  in  pair.  > 
CTSRTRT. RCOR  =  CTSRTRT. RCOR  -  1; 

12  (CTSRTRT.  RCOR  E£  0) 

TERR  2222233  CTS_deletion; 

SL3B  PERPORH  CTB_sisplification: 

S X ITl P  (all  'known*  aircraft  in  pair  have  been  processed): 
SROIOOP: 


Delete  oair  record; 

12  (CTHEAD.  RAC  £2  0) 

TBSR  unlink  and  delete  entire  conflict  table; 

SISEIP  (CTHEAD.RAC  1£  #) 

1322  SSAR_Pt AG_DPD1TS  13  (Central  track  store) 

IROOT  (Conflict  table)  ; 

QTBBRRISS  PSRPORH  t#st_for_conf lict_table_split; 

SL5S  ;  <  take  no  action.  > 

SEP  ?ATS_,*CDPD_D!LSTIOR: 


RSSOIUTTOR  DELBTTOR  TASK  10R-1.BTEI  LOGIC 


15-P13 


X  ■ 


PROCESS  search_for_pair_record; 

<  This  process  searches  for  a  pair  record,  given  the  pointers  to  the  state 
sectors  of  tso  aircraft  (at  least  one  of  vhich  anst  be  available) .  > 

IP  (aircraft  1  Is  unknown) 

IP  (aircraft  2  Is  not  involved  in  any  conflicts) 

M  no  cosson  conflict  table  exists; 

B1SE  coaaon  conflict  table  »  conflict  table  of  aircraft  2; 
B1SBIP  (aircraft  2  is  nnknown) 

THEE  iv  (aircraft  1  is  not  involved  in  any  conflicts) 

THEE  no  coaaon  conflict  table  exists; 

ELSE  coaaon  conflict  table  =  conflict  table  of  aircraft  1; 
SLSEI*  (either  alrcraf*  is  not  involved  in  any  conflicts) 

TH PH  no  coaaon  conflict  table  exists; 

BtSEI»  (aircraft  1  and  aircraft  2  are  in  different  conflict  tables) 
wfE  no  coaaon  conflict  fable  exists; 

OTHERSI SB  <  both  aircraft  are  in  the  saae  conflict  table.  > 

Coaaon  conflict  table  *  conflict  table  of  either  aircraft; 

IP  (no  coaaon  conflict  table  exists) 

THEE  coaaon  pair  record  does  not  exist; 

PISS  <  search  conflict  table  for  coaaon  pair  record.  > 

(.OOP :  <  Repeat  for  each  pair  record  in  coaaon  conflict  fable.  > 

If  (both  aircraft  are  in  this  pair  record) 

THEE  coaaon  pair  record  ■  this  pair  record; 

ELSE  ;  <  coaaon  pair  record  not  yet  found.  > 

EIITIP  (coaaon  pair  record  found  all  pair  records  exaalned) ; 

ppploop: 

IP  (no  coaaon  pair  record  found) 

THEE  coaeon  pair  record  does  not  exist; 

BED  search_f or_pair_record; 


RESOICTIOE  DBIBTIOH  "USE  HIGH-lSTEt  tOGIC 


15-PI# 


PROCESS  search_for_palr_record; 

PTO  COHHOH_CT; 

PPPTR  «  SHULL; 

13  (iCIDI  32  SUHK) 

133*1  II  (STBCT2. CTPTR  £2  SSOLL) 

THER  COHHOH_CT  »  SHULL; 

ELSE  COHSOH_CT  »  SVECT2.  CTPTR; 

ELSEIE  (iCID2  32  *OHK) 

THEM  IP  (SVECT1. CTPTR  *2  SHULL) 

THER  COntIOH_CT  =  SHULL; 

ELSE  COHHOR_CT  =  SVECT1 . CTPT? ; 

HSE1F  ( S7*CT1 • CTPTB  »2  SHULL  OH  SYECT2 . CT»TR  32  SHULL) 

THER  CORHOH_CT  =*  SHULL; 

El  SHF  (SYECT1. CTPTR  RE  SYECT2.  CTPTR) 

THER  COHHOR_CT  *  SHULL : 

OTHEHRXSE  COHHOH_CT  =  SYECT1 . CTPTR ; 

I»  fCOHHOR_CT  E2  SHULL) 

TH3H  ; 

1125  I2££:  <  Repeat  for  each  pair  record  in  common  conflict  table.  > 

13  (PREC.acl.PRC  32  STECT1.CTE  ^RD  PREC.ac2.PiC  32  SVECT2.CTE) 
THER  set  PRPTR  to  point  to  this  pair  record; 

F15E  ;  <  coaaon  pair  record  not  yet  found.  > 

HITIF  (PRP"1?  RE  SHULL  23  all  pair  records  examined)  ; 

ERDLOOP: 

?sp  searcb_for_pair_record; 


R ESOLUTTOH  OFLETIOR  TiSR  LOW-LEYEl  LOOIC 


-*SSj 


15-PI  5 


PROCESS  deletion_notif ication: 

<  ’’his  process  notifies  appropriate  retote  sites  of  the  deletion  of  a  pair 
record  for  which  the  local  site  was  responsible.  > 

IF  (own  site  is  responsible  for  this  pair  UFO 

either  aircraft  is  in  a  seas  with  a  connected  site) 

THEE  Create  a  conflict  table  request  sessage  with  REPtf  field  *  0 
and  SCI  field  «  1; 

Send  aessaqe  to  other  connected  sites  indicated  by 
GTOG  fields  in  state  rectors  of  both  aircraft; 

SPD  deletion_notif ication ; 


RESOLUTION  DBtSTXOS  TUSK  EIGH-LETEt  LOGIC 


13-P16 


PROCESS  deletion_notification; 


IF  (?S*C.  VTSID  OfHID  »]LB  (SFECT1.GEOG  U  OPSID  22  ST*C?2.GBOG  JJJ  0*BID)  ) 
TBBS  Create  a  conflict  table  request  aessage  aith  PBPLT  field  *  0 
and  DEL  field  >1; 

Send  aessage  to  other  connected  sites  indicated  by 
STPCT1.GBOG  and  SVECT2.  GEOG ; 

BED  deletion_notification: 


BBSOLOflOE  OELSTIOB  TUSK  LOt-LETEL  LOGIC 


15— PVT 


PROCESS  CTE_deletlon; 


<  This  process  deletes  an  aircraft's  conflict  table  entry-  > 

Set  CTPTR  and  CTE  *  nail  in  this  aircraft’s  state  sector: 
Reduce  count  of  aircraft  in  conflict  table  by  1; 

IP  (this  aircraft  is  reaote) 

TREE  IP  (CREPT  entry  exists  for  this  aircraft  ) 

THPW  delete  CREPT  entry; 

Onllnk  and  delete  reiote  lis*  entry; 

Onlin*  and  delete  conflict  table  entry  for  this  aircraf* ; 

PRO  CT?_deletion; 


RESOLOTTOE  OS1ETIOR  TUSK  HIGH-LETEl  LOGIC 
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paocEss  CTS_deletion: 


STBCT.  CTPTS  -  S1HJLI; 

STECT.CTE  »  snail; 

CTHESO.niC  -  CTHEHO.  S»C  -  1; 

II  (CTEHTHT.8EHPIG  JjJ  ST801) 

Tilt 8  U  (C8EPI  entry  nxlsta  for  this  aircraft) 

THE»  4* lata  CEEEE  entry: 

Unlink  and  delete  8EB1  or  8EB0  entry; 

Unlink  and  delate  conflict  table  entry  for  this  aircraft; 

880  CTE_deletion ; 


SESOIOTIO*  DEIETIOS  TUSK  LO»-lBTEL  LOGIC 


PROCESS  CTB_si«olification; 

<  ’’'his  process  updates  an  aircraft's  conflict  table  entrv  after  a  pair  record 
involving  •’he  aircraft  is  deleted.  > 

If  (pair  record  to  be  dele*ed  contains  horizontal  RA  for  this  aircraft) 

'"HBR  Decrement  coant  of  horizontal  resolation  advisories; 

12  (coant  22  0) 

thru  set  acids  *  nail; 

BLSB  Search  through  reeaining  pair  records  for  those 
containing  horizontal  RAs  for  this  aircraft; 

Set  ACIDS  to  point  to  one  such  pair  record: 

Save  conposite  horizontal  resolation  advisory  in  SHUN: 

If  (pair  record  to  be  deleted  contains  vertical  RA  for  this  aircraft) 

"‘US S  Decresent  coant  of  vertical  resolation  advisories; 

22  (count  0) 

THRU  set  ACID*  *  nail; 

RLSf  Search  through  regaining  pair  records  for  those 
containing  vertical  RAs  for  this  aircraft: 

Set  ACID*  to  point  to  one  such  pair  record; 

Save  coaposite  vertical  resolation  advisory  in  *KAR; 


*12  C?!_siaplif ication ; 


SBSOLOTIOK  DBLBTIOS  TASK  SIGH-tSTBl  LOGIC 


15-P20 


PROCESS  CTE_siepllfication; 

IP  (P8EC.PHSAH  not  noli  for  this  aircraft  in  pair  record  to  be  deleted) 
THUS  CTERTRY.H&LTH  «  CTEHTR Y. HOLTH  -  1; 

I?  ICTERTRY. HOLTH  22  <M 

THU  CTERTRY.  1CIDH  «  SROtl; 

ELSE  Search  through  reaaioing  pair  records  for  those 
containing  horizontal  ras  for  this  aircraft; 

Set  ACXDH  to  point  to  one  snch  pair  record; 

Sate  coeposite  horizontal  RA  in  Cf SRTRY. RHAR; 

IP  (°R*C. PTSAR  not  nnll  for  this  aircraft  in  pair  record  to  be  deleted) 
T322  CTERTRY. HOLTY  =  CTEHTR Y. HOLTY  -  1; 

12  (CTPHTRY .  HOLTY  £2  0) 

THEM  CTEHT8  Y.  ACIDY  »  YROLL: 

ELSE  Search  through  remaining  pair  records  for  those 
containing  vertical  R As  tor  this  aircraft; 

Set  acid?  to  point  to  one  such  pair  record; 

Sare  coeposite  vertical  RA  in  CTERTRY. YHAR; 

PRD  CTS_sl«plif ication ; 


•ESOimOR  DELETIOR  TASR  LOt-lBYBl  LOGIC 

15-P21 


PPOCESS  test_for_conflict_table_split; 

<  This  procsss  tssts  for  a  split  in  a  conflict  tabls  aftsr  a  pair  record  is 
deleted.  If  the  table  has  split,  it  then  detersines  which  aircraft  pairs 
belong  in  each  new  table.  > 

Create  a  linked  list  (list  k)  of  all  pair  records  retaining  in  conflict  table; 
Select  aircraft  ID  fron  first  conflict  table  entry  and  place  In  list  B; 

BBPBk"*  OWTIL  (list  h  is  enpty  23  list  B  is  enpty) ; 

Select  nest  aircraft  ID  fron  list  B;  <  subject  aircraft  > 

LOOP;  <  Be  peat  for  each  oalr  in  list  k.  > 

U  (subject  aircraft  is  in  this  pair) 

THBB  Banova  this  pair  fron  list  k; 

Add  this  pair  to  list  C; 

Idd  ID  of  other  aircraft  in  this  pair  to  botton  of  list  B; 
EXITIf  (all  pairs  in  list  k  exaalned) ; 

smaais 


BBPBf  ?*])?: 


I»  (list  *  is  enpty) 

TUBS  <  no  conflict  table  split  has  occurred.  > 

CALL  SBkS_PIkGJJPDhTB; 

ELSB  <  conflict  table  has  split.  > 

Divide  conflic*  table  into  two  conflict  tables  --  aircraft  on 
list  B  and  pairs  on  list  C  fora  first  table,  while  remaining 
aircraft  and  pairs  on  list  k  fore  second  table; 

CklL  SEkfl_PlkGJJPDkTB;  <  for  first  conflict  table  > 

CALL  SEkH_?LAG_OPDkTE;  <  for  second  conflict  table  > 

312  tes*_for_conf  lict_table_ split ; 


BES010TI0W  DBIRIOB  TkSK  HIGB-tETBl  LOGIC  - 


15-P22 


PROCESS  test_for_conf lict_table_spllt ; 

£12  pacs; 

Create  a  linked  list  (list  1)  of  all  pair  records  retaining  in  conflict  table; 
Place  pointer  to  first  conflict  table  entry  In  list  B; 

REPEAT  UNTIL  (list  A  is  eapty  gp  list  B  is  eapty) ; 

PACS  3  nest  aircraft  ID  froa  list  B;  <  subject  aircraft  > 

LOOP;  <  Sepeat  for  each  pair  in  list  A.  > 

£P  (PACS  25  PSEC.acl.PAC  Ojt  PACS  Eg  P3EC.ac2.PAC  for  this  oair) 

THEN  Remove  *his  pair  froa  list  A; 

Add  this  pair  to  list  C; 

Add  PAC  of  other  aircraft  in  this  pair  to  bot*-oa  of  list  ?; 
EXITIf  (all  pairs  in  list  A  examined)  ; 

ENDLOOP; 


IP  (list  A  is  empty) 

15.55  CALL  SE A H_PLAG_ UPDATE  JN  (Central  track  store) 

I  NO  OT  (Conflict  table) ; 

El SE  Divide  conflict  table  into  two  conflict  tables  --  aircraft  on 

list  B  and  pairs  on  list  C  fora  first  table,  while  reaaining 
aircraft  and  pairs  on  list  A  fora  second  table; 

CALL  SEAH_PLAG_UPDATS  If  (Central  track  store) 

IBOOT  (first  conflict  table)  ; 

CALL  SEAH_PLAG_UPD1TS  If  (Central  track  store) 

IBOOT  (Second  conflict  table)  ; 


END  test_for_conf lict_table_spllt; 


RESOLUTION  DELETION  TASK  L01-LEPEL  LOGIC 


15-P23 


BOOTHE  Sni_n»8_0BD»T8 
13  (Central  track  store) 
i boot  (Conflict  table) : 

<  This  rootina  deterninea  tha  setting  of  tha  saaa  flag  for  a  conflict  table.  > 

CtEhH  saaa  flag  in  conflict  table; 

100?;  <  Repeat  for  each  aircraft  in  conflict  table.  > 

I*  (bit  sat  in  GEOG  field  for  any  connactad  site) 

THEM  532  saan  flag; 

*Ti",i?  (saaa  flag  set  2J  all  aircraft  in  conflict  table  ha?e  been  selected)  ; 
ERDLOOP; 

two  s?»s_»t.iGjj?D»TB: 


lESOtOTIOB  DBt  B"IOS  T*SK  M9R-IBTBI  tOGIC 


u-m 


800*1  IE  SE»B_PH8_0PD»»E 
XI  (Central  track  store) 

I BO?*  (Coaflict  table) ; 

0.818  CTHB1D.  3E1B; 

1QSX;  <  Repeat  for  each  aircraft  in  conflict  table.  > 

IX  (STBCT. 8808  fj  SYST1H. 0> VXD) 

U8B  2£X  CTBB1D.  SERB; 


mxit  (CTBEid. SERB  52  t*ROE  21  all  aircraft  in  conflict  table  selected); 
289100°: 

IBP  SB»a_fL»0  "PBITB; 


BBSOIOTXOI  DEL8TI0I  f»SR  L0V-LXTB1  108IC  - 


15-888 


BOOTIES  OPD»TE_SSCTOB_ID 

I5QTr  (state  rectors,  conflict  table,  and  oair  record  for  a  conflict) 

<  This  routine  updates  the  sector  ID  in  a  pair  record.  > 

IP  (either  aircraft  is  renote) 

THEil  sector  ID  =  sector  of  non-renote  aircraft: 

ELSEIT  (both  aircraft  in  sane  sector) 

THEE  sector  ID  =  coneon  aircraft  sector: 

ELSBIf  (aircraft  are  less  than  three  sectors  apart) 

THEE  sector  ID  =  sector  swept  first  by  radar  bean: 

OTHEBEISS  sector  10  =  aircraft  sector  swept  last  by  radar  bean: 

EED  OPD*TE_SECTOH_ID; 


»ESOtO",IOH  OBLBTIOW  TASK  BIGB-LEVBL  LOGIC 


15-P26 


BOOTHS  0PD»TB_SSCTOR_ID 

HOOT  ( bcidi ,  KCID2,  conflict  tabla,  pair  racord)  ; 

IBI  DE1T»; 

If  (CTEHTHT.BBHFIG  Si 2  *TBOB  for  althar  aircraft) 

THBB  PHBC. SBCTID  «  stbct. STSID  of  noa-raaota  aircraft; 
BISEIF  (STBCT1. STSID  STECT2. STSID) 

THBB  PHBC. SBCTID  »  STBCT1 . STSID; 

OTHBBBISB  OBIT*  «  »BS (STBCT2. STSID  -  STBCT1.  STSID)  ; 

TP  (OBIT*  If  BE  A  HI  &B 

(DBLT*  GT  HAIPSBC  OBIT*  ff  BB1B2) ) 

THBB  P-PC.  SBCTID  ■  HIH  (STBCT1.  STSID ,  STBCT2.  STSID) 
81  SB  PHHC.  SBCTID  »  8*1  (STBCT1 .  STSID,  STBCT2- STSID) 

-HD  OPD*-'B_SBCTOB_tDj 


BBSOtOTIOB  DB1BTIOH  TASK  tOW-lBTBt  tOOIC 


15-P27 


TASK  COBPLirT_PAI?_CLEABOP 

IS  (Central  ttaclt  store,  10  of  current  sector) 

IBOO*’*  (Linked  list  of  conflict  tables)  ; 

<  This  task  serves  as  a  backup  to  the  Resolution  Deletion  Task  to  ensure  that 
conflicts  are  closed  out  in  the  proper  nanner.  It  searches  the  linked  list 
of  conflict  tables  for  a  sector  to  find  conflict  pairs  not  processed  on  the 
current  scan.  > 

REPEAT  WHILE  (there  are  sore  conflict  tables  to  be  ezasined) ; 

Select  next  conflict  table; 

REPEAT  WHILE  (there  are  tore  pair  records  to  be  exasined)  ; 

Select  next  pair  record; 

IE  (sector  ID  in  pair  record  $2  current  sector  ahd 
this  pair  has  not  been  processed  on  current  scan) 

THBB  CALL  COWPLICT_CLOSBOaT; 

i z  <°*«r  to  delete  pair  record) 

T?EB  CALL  PAIR_RECORD_DELSTIOB; 

ELSE  CLEAR  flag  which  Indicates  pair  has  been  processed 
Set  pointer  to  list  of  potential  doelno  conflict 
aircraft  to  null  for  both  aircraft; 

ELSE  ;  <  do  not  process  this  pair.  > 

EHDREPSAT; 

SSSSSKil: 

EBP  COBELICT_?AI3_CLEABDP; 

-  COBPLICT  PAIS  CIEAHO?  TASK  HIGH-LSTSl  LOGIC  - 


15-P2S 


T»S_H  COHPIICT_PM?_C1E»HOP 

U J  (Central  track  star*,  id  of  current  sector) 

ISOOT  (Linked  list  of  conflict  tables) ; 

BIT  PRDELOB; 

REPEAT  WHILE  (there  are  lore  conflict  tables  to  be  exaained) ; 

Select  nest  conflict  table; 

BEPty  while  (there  are  sore  pair  records  to  be  exaained)  ; 

Select  next  pair  record; 

IP  (PREC. SECTID  *2  current  sector  IBP 
PREC.  PWISE  12  JEALSE) 

1BSH  CBH  COHPLICT_CLOSBOOT 

U  (ACID1,  ACID2,  conflict  table,  pair  record) 

221  (PSDBLOK)  ; 

IE  (PRDELOB  52  ITBUE) 

*rHSH  C1LL  PAIE_RECOBD_DELETIOW 

15  (ACID1,  1CID2,  pointer  to  pair  record) 
IHOOT  (Conflict  tables,  central  track  store) ; 
SHE  CLEAR  PIEC.PWXSF; 

PRSC.acl.IBTB  ■  SHELL; 

PREC.ac2.IBTH  ■  SHELL; 

JEUE  <  <  Bo  not  process  this  pair.  > 

SHPREPEAT; 

122212111: 

?BP  CORBlICT_?AtR_CtBAREP; 

-  COBPLICT  Pill  CLEAWEP  TASW  LOW-LETEL  LOSIC  - 


1S-P29 


TI8K  ST»TB_fBCT01_DElSTI0I 

XI  (Deletion  list,  linked  list  of  conflict  tables) 

HOOT  (Central  track  store)  ; 

<  This  task  is  responsible  for  deleting  the  state  rector  of  an  aircraft  which 
has  left  the  lTtRS/doaino  service  area  or  vhich  is  no  longer  being 
adequately  tracked.  > 

BEPEkt*  aniLE  (there  are  sore  entries  in  the  deletion  list)  ; 

Select  aert  aircraft  froe  deletion  list; 

XX  (there  is  no  conflict  table  for  this  aircraft) 

THEE  the  state  rector  is  to  be  deleted: 

ELS5IT  (there  are  no  conflicts  involving  this  aircraft  for  which  the 

uplink  of  resolution  advisory  aessages  is  still  being  attempted) 
THEB  The  state  vector  is  to  be  deleted; 

Create  an  entrr  in  BEM  or  RESD  for  this  aircraft; 

OTHERWISE  the  state  rector  is  not  to  be  deleted; 

XI  (the  state  rector  is  to  be  deleted) 

THEE  Erase  CRBP*  or  creed  entry; 

XX  /this  aircraft  tas  an  entry  in  CRHTI) 

THE!  delete  CREPT  entry; 

Unlink  fros  sector  thread; 

Delete  the  state  vector; 


xmimi; 


EBP  STkVw_TRCTOi.DBlE?IOE; 


S*»TE  VECTOR  DBlBtlO*  TISK  HIOH-IETEI  L03IC 


15-PJO 


TASf  STATE_VECTOS  J3ELETI0E 


1 5  (Dele* ion  list,  linked  list  of  conflict  tables) 

IWOOT  (Central  track  store) ; 

PTP  ACID; 

BIT  OKPEI.; 

ESPEAT  PEILE  (there  are  lore  entries  in  the  deletion  list)  ; 

ACID  »  ID  of  next  aircraft  on  deletion  list: 

Access  SVECT  for  this  aircraft  via  ACID; 

IZ  (SVECT. CTPTH  12  judll) 

THEN  SET  OKDEL; 

ELSEIF  (?s EC. SEKD  not  set  in  any  pair  records  involving  this  aircraft) 
1315  311  OKOEL; 

Create  an  entry  in  PESA  or  SPED  for  this  aircraft; 

21313*131  C1EAS  OKDEt; 

I?  (OKDEI  12  JfPOE) 

T3SB  Erase  CSEEA  or  CSEPD  entry; 

1*  (STSCT. ATCBEE  SE  SE0I1) 

THEE  delete  CSEEX  entrv  for  this  aircraft: 

Onlink  froe  sector  thread; 

i  De' ate  the  state  vector: 

i 

! 

152333111: 

|  SJD  STAa,E_VECTO»_DELETIO»; 


STATE  VECTOR  DEtETIOE  TASk  lOt-lEVEL  IOGTC 

15-P31 


16.  MESSAGE  UPLINK  PROCESSING 


This  section  discusses  the  construction  of  the  uplink  messages 
to  equipped  aircraft.  These  messages  are  defined  in  the  ATARS 
National  Aviation  Standard  (Reference  9).  All  the  messages 
discussed  In  this  section  are  sent  in  the  MA  field  of  a  DABS 
Comm-A  message.  Reference  9  provides  complete  details  of  these 
messages,  their  signal  formats,  and  their  coding. 

16.1  Classes  of  ATARS  Service 

Reference  9  currently  defines  three  classes  of  ATARS  Service, 
denoted  as  Class  0,  Class  1,  and  Class  2.  This  document 
contains  the  logic  to  service  only  these  classes,  although  more 
may  be  defined  in  the  future.  The  classes  represent  alternative 
levels  of  information.  Messages  from  one  of  these  classes  are 
sent  to  an  aircraft  according  to  Its  airborne  processing 
capabilities.  The  message  sets  are  designed  to  minimize  the 
processing  required  by  the  simplest  user,  and  thus  minimize  his 
avionics  cost;  and  to  minimize  the  ATARS  message  load  on  the 
DAES  channel  by  not  sending  certain  information  to  those 
aircraft  not  equipped  to  process  it. 

Certain  message  types,  namely  the  ATARS  Resolution  and  the 
ATCRBS  Track  Block  Messages,  are  common  to  all  three  classes  of 
Service.  These  are  described  in  the  section  for  Class  0 
service.  Certain  other  types  are  also  common  to  Classes  1  and 
2.  These  are  described  in  the  section  for  Class  1  Service.  A 
summary  of  all  message  types  appears  in  Reference  9  and  is 
repeated  herein  as  Table  16-1. 

16.1.1  ^88  0  Service 


Class  0  Service  is  intended  for  an  aircraft  with  simple  ATARS 
avionics.  The  avionics  is  assumed  not  to  store  traffic  advisory 
data  in  a  "track  file,”  as  described  below  for  higher  classes  of 
service.  The  avionics  may  only  display  position  data  for  one 
traffic  advisory  at  a  time,  or  it  may  be  capable  of  displaying 
several  traffic  advisories.  To  allow  for  this  limited 
capability,  traffic  advisories  are  ordered  in  decreasing  order 
of  "importance"  so  that  the  pilot  will  be  shown  the  most  urgent 
one's).  The  following  sections  define  the  messages  for  Class  0 
Se  r  v  1  c  e  . 


•  *■  .  1 .1.1  ATARS  Resolution  Message 

'  message  Is  the  same  for  all  classes  of  service.  It 

•,!"'*  a  14-bit  COL  field,  which  is  the  column  to  be  written 
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TABLE  16- L 


HA  SURE  I  ELD  STRUCTURE  OF  ATAIS  MESSAGES 

A TABS  CLASS  OF  AT AES 


MESSAGE  NAME 

SERVICE 

SUBFIELD 

STRUCTURE  OF  HA 

ATARS  Raaolutlon 

0.1,2 

(aEsTTTT" 

-3 

(ADSi:4) 

-0 

(  COL: 14  )( 

FraTT?  k 

»**:12  ksitTI) 

Not  Aaelgned 

- 

-3 

-1-15 

- 

Six  Advleorlea 

0 

-1 

-0 

<  ***.-13  )(' 

***••12  >(  SIX:  6  )( 

SIX: 6  )(  SIX: 6  ) 

(  STT ■(,  ) 

Three  Advleorlea 

0 

*1 

-1 

( - - 

)(  K 

— xsirn - ) 

Not  Aaelgned 

- 

-1 

-2 

- 

ATCRBS  Track  0,1,2  -l  -3  Note:  Defined  In  Raf.  11:  3. 3. 2. 3. 2  and  la 

Block  sant  only  co  BCAS  equipped  aircraft. 


Not  Aaalgncd  -1  -1  -4-6 


Auxiliary  Whan  RST-0 

Advisories  1,2  -1  -7  (  TE»:8  )('0Bt;lj  )(  RST:1  )(~0»T:li  ) 

When  RST-1 

(~TRR:8  xSJfTTT  )(  RST:  1  )(  STD:  26  ) 


Own  Plus  2  -1  -8  (  0 DS:ii  )(  A8C.-24  "  ) 

Altitude  Echo 


Own  Plus  2  -l  -4  (  OPS:24  )(  PPT:24  ) 

Proximity 


Stert/End  2  -1  -10  (  PDT:24  )(  SEP:24  ) 

Encounter 


Duel  Proxlelty  1,2  -1  -11  (  PPT:24  )(  PPT:24  ) 


Proximity  Plus 
Altitude  Echo 

1.2 

-1 

-12 

< _ 

F5T775 - 

_ K _ 

AEC:24 

Start  Threat 

2 

-1 

-13 

( 

ODS : 24 

)( 

- stdTTS - 

Threat  1.2  -l  -14  (  PPT:i4  )(  ) 

Not  Aealgned  -  -l  -15 

(*4*-l2)  ten  be  either  (TPA:12).  ( TfeA 1 12 )  (0»A:12)  OR  (RAA:12).  or  e  Null  Advisory 

(***: 18)  can  be  either  (TPEilB) .  (Ait: 18) .  ( TAfc : 1 fe )  (0AE:18),  OR  ( BAR ; 18 ) .  or  a  Null  Advlaory 

Note:  (XXX:N)  denotes  e  subfield  designated  'XXX'  which  Is  eeaigned  N  bits. 
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into  the  aircraft  RAR  column  designated  by  the  SIT  field.  The 
COL  field  represents  the  composite  of  all  resolutions  the  site 
is  sending  the  aircraft  for  all  conflict  pairs.  The  site 
repeats  the  message  each  scan  during  the  conflict,  and  sends 
this  message  again  with  COL  containing  all  zeros,  once  at  the 
end  of  the  conflict  to  remove  its  advisories  from  the  RAR.  SIT 
corresponds  to  the  ID  of  the  site  originating  the  advisories. 

It  is  normally  set  to  own-ID.  In  the  backup-master  mode,  It  may 
contain  the  failed  site's  ID.  When  performing  remote  uplink,  it 
contains  the  requesting  site's  ID. 

This  message  contains  the  TRA  subfield  which  describes  the 
threat  or  proximate  aircraft  causing  the  resolution  advisory. 

In  the  case  of  a  multi-aircraft  encounter,  the  most  criMcal 
threat  is  used.  A  resolution  advisory  should  always  be  caused 
by  an  aircraft  whose  Encounter  List  entry  is  a  Threat  type. 
However,  on  the  scan  when  the  final  (zero)  COL  field  is  sent, 
the  only  traffic  remaining  may  have  entries  with  Proximity  type. 

The  resolution  message  also  contains  a  12-bit  subfield.  This 
may  contain  another  threat  or  proximity  advisory,  or  a  terrain, 
airspace,  or  obstacle  advisory. 

16.1.1.2  ATCRBS  Track  Block  Message 

This  message  is  sent  only  to  BCAS-equipped  aircraft.  Its 
generation  (Section  8.1)  is  dependent  upon  BCAS  logic,  and  is 
independent  of  any  ATARS  traffic  and/or  resolution  advisories  to 
BCAS  for  the  same  ATCRBS  traffic.  Up  to  eight  such  messages  may 
be  sent  to  each  BCAS  aircraft,  depending  upon  the  number  of 
qualifying  ATCRBS  tracks.  The  message  contains  a  SIT  field  as 
in  the  ATARS  Resolution  Message,  and  a  track  number  to  aid  BCAS 
in  associating  messages  with  the  same  track  on  subsequent 
scans.  The  track  data  contains  range,  range  rate,  altitude, 
altitude  rate,  and  bearing.  ATARS  tracked  data  is  predicted 
ahead  one  scan  to  the  time  of  transmission  of  the  message. 

16.1.1.3  Three  Advisories  Message 


If  no  ATARS  Resolution  Message  is  constructed,  this  message  is 
used  to  send  up  to  three  advisories.  The  first  two  advisories 
are  contained  in  18-bit  subfields,  and  the  third  in  a  12-bit 
subfield  as  described  above  for  the  ATARS  Resolution  Message. 

The  18-bit  subfields  may  contain  any  of  the  following:  a  threat 
or  proximity  advisory,  which  is  like  that  of  the  12-bit  subfield 
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with  additional  data  for  range  and  fine  altitude;  terrain, 
airspace  or  obstacle  advisories  containing  the  same  data  as  for 
the  12-blt  subfield;  or  an  altitude  echo.  If  there  are  at  least 
two  traffic  advisories,  these  will  use  the  18-bit  subfields  and 
any  altitude  echo  in  the  PWILST  will  not  be  sent.  If  there  are 
less  than  two  traffic  advisories,  an  altitude  echo  will  always 
be  sent  in  an  18-bit  subfield,  unless  sending  the  altitude  echo 
creates  a  need  for  an  extra  message. 

16.1.1.4  Six  Advisories  Message 


If  more  advisories  remain  to  be  sent  after  either  the  ATARS 
Resolution  or  the  Three  Advisories  Messages  are  constructed,  up 
to  six  additional  advisories  may  be  sent  in  this  message.  These 
are  limited  to  fewer  bits  than  those  preceding  but  would 
correspond  to  less  important  advisories.  Any  remaining 
advisories  after  these  six  would  not  be  sent  to  the  aircraft 
this  scan. 

The  first  two  advisories  use  the  same  12-bit  subfield  described 
above.  The  remaining  four  advisories  are  contained  In  6-bit 
subfields.  These  subfields  may  only  contain  proximity  or  threat 
advisories.  Thus,  if  the  proximity  and  threat  advisories  on  the 
PWILST  have  not  all  been  sent  before  reaching  the  6-bit 
subfields,  any  terrain,  airspace,  or  obstacle  advisories  will 
not  be  sent.  This  only  happens  when  there  are  at  least  five 
traffic  advisories,  or  at  least  four  traffic  advisories  and  a 
resolution  advisory. 

16.1.2  Class  1  Service 

Class  1  Service  will  support  a  graphic  display  and  is  intended 
for  aircraft  capable  of  displaying  larger  quantities  of  data 
than  the  Class  0  aircraft.  In  most  cases,  more  messages  will  be 
sent  to  such  aircraft  to  uplink  the  same  number  of  advisories. 
The  ATARS  Resolution  Message  and  the  ATCRBS  Track  Block  Message 
are  as  described  in  Sections  16.1.1.1  and  16.1.1.2.  However, 
any  traffic  advisory  data  contained  in  the  ATARS  Resolution 
MesF'->?  is  repeated  using  the  messages  below. 

16.1.2.1  Dual  Proximity  Message 

This  message  contains  position  data  for  two  proximity 
advisories.  Each  advisory  is  sent  in  a  Position  Data  Subfield, 
which  contains  clock  and  fine  bearing,  altitude  zone  and  fine 
altitude,  range,  the  heading  of  the  traffic,  and  the  control 
state  and  ATARS  equipage  of  the  traffic.  A  first-time 
transmitted  bit  is  sent  to  denote  new  traffic. 
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16.1.2.2  Threat  Message 


This  message  contains  one  threat  advisory.  It  consists  of  a 
Position  Data  Subfield  as  above,  plus  a  Threat  Data  Subfield 
containing  an  altitude  extension,  fine  heading,  horizontal  miss 
distance,  turn  type,  vertical  speed  of  the  threat,  and  an 
indication  as  to  whether  the  threat  is  causing  a  resolution 
advisory  to  be  sent  to  own  aircraft. 

16.1.2.3  Proximity  Plus  Altitude  Echo  Message 


This  message  combines  one  proximity  advisory  with  altitude  echo 
data.  It  contains  the  last  (i.e.  least  important)  proximity 
advisory.  If  no  single  proximity  advisory  remains  after  all 
Dual  Proximity  Messages  are  built  (if  any),  and  an  altitude  echo 
is  required,  a  null  Position  Data  Subfield  will  be  inserted  to 
complete  this  message. 

16.1.2.4  Auxiliary  Advisories  Message 

This  message  contains  terrain,  obstacle,  and  airspace 
advisories.  Its  format  contains  a  terrain  warning  (if  needed), 
an  obstacle  advisory  (if  needed),  and  either  an  airspace 
advisory  or  up  to  two  additional  obstacle  advisories.  Both  its 
obstacle  and  airspace  advisories  include  specific  identification 
data  not  provided  in  the  Class  0  formats.  A  first-time 
transmitted  bit  is  sent  to  denote  each  new  advisory. 

16.1.3  Class  2  Service 


Class  2  Service  is  intended  for  aircraft  with  sophisticated 
avionics  capable  of  tracking  traffic  from  scan  to  scan.  Class  2 
messages  include  the  entire  set  of  Class  1  messages  plus 
additional  types  intended  to  aid  such  avionics.  These 
additional  messages  are  described  below. 

16.1.3.1  Start/End  Encounter  Message 


This  message  helps  the  avionics  start  a  track  by  assigning  a 
track  number  to  the  traffic.  The  message  contains  a  Position 
Data  Subfield  and  a  Start/End  Subfield.  The  latter  indicates 
whether  to  begin  or  end  the  track,  assigns  the  track  number,  and 
contains  the  groundspeed,  climb  performance,  and  abbreviated 
Identification  data  for  the  traffic.  Up  to  eight  unique  track 
numbers  may  be  assigned  to  tracks  for  an  aircraft's  traffic 
advisories.  The  End  Encounter  Message  is  normally  sent  at  the 
conclusion  of  traffic  advisory  status.  However,  if  more  than 
eight  tracks  qualify  simultaneously,  ATARS  sends  a  Start 
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Encounter  Message  when  a  new  track  Is  chosen  to  replace  an  old 
one  with  the  same  number,  and  this  implies  the  end  of  the  old 
track. 


16.1.3.2  Own  Plus  Proximity  Message 


This  message  combines  a  single  proximity  advisory  with 
own-aircraft  data.  The  own-aircraft  data  allows  the  avionics  to 
more  accurately  relate  advisory  data  to  own  aircraft's  heading, 
speed  and  turn  rate.  It  also  confirms  the  class  of  ATARS 
service  in  use.  A  bit  indicates  the  initiation  or  handoff  of 
ATARS  service,  to  indicate  to  the  avionics  possible  track  number 
discontinuities  if  sensors  change  ATARS  responsibility  during  an 
encounter. 


16.1.3.3  Own  Plus  Altitude  Echo  Message 


This  message  combines  own-aircraft  data  with  altitude  echo  data 
and  is  uplinked  when  both  of  these  types  are  required. 

16. 1.3. A  Start  Threat  Message 

This  message  combines  own-aircraft  data  with  a  Start  Threat  Data 
Subfield.  The  latter  is  the  same  as  a  Start  Encounter  Message, 
except  the  Start/End  bit  is  replaced  by  a  bit  indicating  whether 
the  threat  is  a  new  track  or  is  an  upgrade  of  an  existing 
proximity  advisory  to  a  threat. 

16.2  Data  Link  Message  Construction  Task 


The  Data  Link  Message  Construction  (DLMC)  Task  assembles 
messages  for  uplink  to  each  equipped  aircraft  in  the  ATARS 
service  area.  The  following  sections  describe  the  functions 
performed  by  this  task. 

16.2.1  Ranking  PWILST  Entries 


The  uplink  messages  are  eventually  constructed  from  the  entries 
on  the  aircraft's  PWILST.  These  entries  are  created  in  the 
order  that  pairs  on  the  Encounter  List  are  processed.  However, 
the  desired  order  of  their  uplink  is  determined  by  factors 
independent  of  this  original  ordering.  The  ranking  procedure 
reorders  the  list,  enabling  the  subsequent  procedures  to  travel 
through  the  list  and  assemble  messages  in  the  desired  order. 
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Assuming  all  types  are  present,  the  Entry  Ranking  Process 
produces  the  ordering  of  entries  shown  in  Table  16-2.  The 
groups  numbered  2,  4,  and  9  are  selected  using  only  the  TYPE  of 
the  entry.  For  all  TA_PR0X  or  TA_THREAT  entries,  the  Entry 
Ranking  Process  calculates  the  current  value  of  each  entry's 
RANKTYP  field  according  to  the  criteria  shown  in  the  "Meaning" 
column  of  Table  16-2. 

Within  each  group  containing  traffic  advisory  entries,  the 
entries  are  ordered  according  to  additional  rank  data.  The 
formats  of  these  fields  are  also  shown  in  Table  16-2.  The 
Traffic  Advisory  Task  (Section  9)  computes  the  "tau"  and 
"weighted  range"  fields  each  scan,  using  data  from  the  encounter 
list  entry.  The  DLMC  Task  assigns  the  RANKTYP.  Both  tau  and 
weighted  range  are  stored  in  two's  complement  form.  These 
fields  are  concatenated  and  then  Interpreted  as  a  single 
unsigned  integer.  This  interpretation  causes  entries  with  the 
smallest  positive  values  of  tau  and  range  (i.e.  shortest  tau  and 
closest  range)  to  receive  the  highest  ranking  within  each 
group.  Both  tasks  update  their  respective  data  each  scan  that 
the  entry  is  refreshed.  Within  groups  1  and  3  (separately),  the 
ranking  procedure  orders  entries  by  tau  and  weighted  range. 
Within  groups  5  through  8  (separately),  this  procedure  orders 
proximities  with  mode  C  altitude  reports  ahead  of  non-mode  C 
proximities,  and  within  each  group,  orders  entries  by  weighted 
range.  Within  groups  2,  4,  and  10,  the  order  is  immaterial. 
Group  9  can  have  only  one  entry.  This  ranking  orders  the 
entries  by  importance,  and  avoids  problems  in  class  2  message 
construction,  in  which  advisories  in  a  Start/End  Encounter 
Message  use  a  full  message,  while  proximities  may  be  paired 
together  or  paired  with  ALEC  or  Own-aircraft  data.  The  only 
adverse  impact  of  this  ranking  for  Class  0  or  1  users  is  minor: 
a  new  proximity  advisory  may  precede  another  for  closer  traffic 
on  one  scan. 

There  are  no  OWN  entries  on  the  PWILST,  as  all  the  logic  to 
generate  Own-aircraft  data  subfields  is  handled  locally  within 
the  DLMC  Task.  Also,  group  10  entries  (END  Threat  or  Prox)  are 
only  kept  for  class  2  ATARS  users. 

16.2.2  Altitude  Echo 


Altitude  Echo  (ALEC)  PWILST  entries  are  created  for  any  of 
several  reasons: 
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TABLE  16-2 

RANKING  ENTRIES  ON  THE  PWILST 


GROUP 

ENTRY 

TYPE 

RANKTYP 

FIELD 

MEANING  OF  RANKTYP  FIELD 

1. 

TA_THREAT 

1100 

SVECT.CTPTR  non-null 

2. 

ATCRBS_TB 

— 

3. 

TA_THREAT 

1000 

SVECT.CTPTR  null  and 

TA_THREAT . END  not  set 

4. 

TERRAIN 

AIRSPACE, 

OBSTACLE 

—  — 

5. 

TA_PROX 

0101 

SVECT.  MCFLG  set  and 
TA_PROX.OLD_TYPE  -  "none" 

6. 

TA_PROX 

0100 

SVECT. MCFLG  not  set  and 
TA_PROX.OLD_TYPE  -  "none" 

7. 

TA_PROX 

0011 

SVECT. MCFLG  set 

and  TA_PROX.OLD_TYPE  not  "none 
and  TA  PROX. END  not  set 

8. 

TA_PROX 

0010 

SVECT. MCFLG  not  set 
and  TA_PROX.OLD_TYPE  not  "none 
and  TA  PROX. END  not  set 

9. 

ALEC 

10. 

TA  PROX, 
TA_THREAT 

0000 

END  set 
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TABLE  16-2 
(Concluded) 


-Tau  Field 


Set  to  zero  for  TAjPROX  types. 

For  TA_THREAT  types,  two's  complement  of  "Tau"  (stored  by 
Traffic  Advisory  Task) 

-Weighted  Range  Field 


Two's  complement  of  weighted  range  (stored  by  Traffic  Advisory 
Task) 


Note:  The  -Tau  and  -Weighted  Range  fields  are  concatenated  and 
Interpreted  as  a  single  binary  unsigned  Integer  In  the  ranking 
process. 


a.  When  a  pilot  sends  an  ALEC  request  (received  in  a  DABS 
surveillance  report),  the  Report  Processing  Task 
(Section  4.4)  creates  an  ALEC  entry. 

b.  When  an  equipped  aircraft  enters  ATARS  service,  the 
DLMC  Task  notes  that  ALECT  in  the  State  Vector  is 
uninitialized ,  and  creates  an  ALEC  entry. 

c.  When  sufficient  time  has  elapsed  since  ALECT,  the  time 
of  the  last  ALEC  message  to  the  aircraft,  the  t'LMC  Task 
creates  an  ALEC  entry. 

d.  When  an  ALEC  uplink  fails,  the  uplink  delivery  notice 
process  in  Non-surveillance  Message  Processing  Task 
(Section  5.1)  resets  ALECT  to  an  uninitialized  value  to 
force  an  immediate  retry  as  in  b.  above. 

As  stated  in  Section  16.1,  in  periods  of  heavy  traffic,  the  low 
priority  assigned  ALEC  may  cause  this  message  not  to  be  assigned 
a  field  if  the  user  is  ATARS  Class  0,  or  to  not  be  delivered  if 
many  uplinks  are  scheduled,  for  other  user  classes.  In  all 
cases,  ALEC  will  be  retried  as  soon  as  traffic  becomes  light 
enough. 


16.2.3  Construction  of  Uplink  Messages 


After  ordering  PWILST  entries  and  assigning  track  numbers,  the 
DLMC  Task  constructs  as  many  uplink  message  MA  fields  (see 
References  9,  10)  as  required  to  send  ATARS  advisories  to  each 
equipped  aircraft.  The  pseudocode  specifies  the  fields  that  are 
to  be  built  within  each  message.  The  detailed  coding  of  these 
fields  is  in  Reference  9.  For  Class  1  and  2  users,  every  48-bit 
MA  field  contains  two  24-bit  fields,  as  shown  in  Table  16-1. 

The  pseudocode  uses  a  local  variable  SUBFIELDNO  to  indicate 
whether  the  first  or  second  of  these  in  an  uplink  mesage  is  next 
to  be  filled.  The  ADS  code  is  added  to  indicate  the  type  of 
message  and  define  the  subfields  that  follow.  All  completed 
messages  are  sent  as  uplinks,  as  specified  in  Section  3.2. 

16.2.4  Deleting  PWILST  Entries 


The  various  types  of  PWILST  entries  are  removed  in  different 
ways.  Some  types  are  sent  only  once;  others  are  dropped  when 
not  refreshed;  and  some  need  an  end  message  uplinked. 
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TA  types  (THREAT  and  PROX)  contain  an  END  item  which  is  set  by 
uplink  delivery  notice  processing  after  they  are  successfully 
delivered.  If  an  entry  again  qualifies  for  TA  status,  the 
Traffic  Advisory  Task  resets  END.  If  not,  the  DLMC  Task  Entry 
Ranking  Process  deletes  these  entries  if  the  user  is  Class  0  or 
1,  as  an  end  message  is  not  sent  to  these  users.  If  the  user  is 
Class  2,  the  DLMC  Task  builds  an  End  Encounter  Message  and  then 
Immediately  deletes  the  PWILST  entry. 

An  ALEC  entry  is  deleted  by  the  DLMC  Task  immediately  after  the 
message  is  built. 

Terrain,  Airspace,  and  Obstacle  types  also  contain  an  END  item 
which  is  set  by  uplink  delivery  notice  processing  after 
successful  delivery.  The  T/A/O  Task  resets  END  each  scan  that 
the  alert  continues.  When  the  alert  ends,  END  Is  not  reset  and 
the  DLMC  Task  Entry  Ranking  Process  deletes  the  entry. 

ATCRBS  Track  Blocks  likewise  contain  END.  A  single  attempt  to 
send  an  End  Track  Block  is  made  for  these  types.  The  DLMC  Task 
sets  END  when  the  ATCRBS  Track  Block  Message  is  constructed.  If 
the  Traffic  Advisory  Task  does  not  reset  END  on  the  next  scan, 
the  DLMC  Task  sends  an  End  Track  Block  and  deletes  the  PWILST 
entry . 

16.3  Pseudocode  for  Message  Uplink  Processing 

The  following  comments  will  clarify  the  implementation  of  the 
Data  Link  Message  Construction  Task.  The  pseudocode  repeatedly 
refers  to  PWILST  entries  of  a  particular  TYPE.  While  TYPE  is 
not  a  field  in  the  entry,  the  definitions  of  PWILST  entries  in 
Section  3  pseudocode  identify  the  TYPE  for  each. 

The  Entry  Ranking  Process  makes  several  passes  through  an 
aircraft '8  PWILST.  These  passes  include  the  RANKTYP  assignment 
and  reordering  discussed  in  Section  16.2.1,  and  the  assignment 
of  track  numbers.  It  is  suggested  that  temporary  lists  be  kept 
of  unused  track  numbers  and  of  ATCRBS  Track  Block  track  numbers. 

The  various  message  generation  processes  primarily  look  down  an 
aircraft's  PWILST  to  find  the  next  entry  which  has  not  been 
marked  SENT.  An  exception  is  the  Auxiliary  Advisories  Message 
Generation  Process,  which  builds  the  Auxiliary  Advisories 
Message  from  all  T/A/O  entries  on  the  PWILST  and  marks  them  all 
SENT. 

As  uplink  messages  are  built,  the  pseudocode  assigns  an  ADS 
code.  These  are  shown  as  the  appropriate  ATARS  Message  name. 


•»  V 
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See  Table  16-1  for  the  corresponding  numerical  values.  The 
priority  bit  included  with  each  message  is  not  uplinked  to  the 
aircraft,  and  thus  is  not  contained  in  the  formats  shown  in 
Table  16-1.  This  bit  is  used  by  the  DABS  sensor  in  its  message 
scheduling  (Reference  1).  The  phrase  "move  to  uplink  buffer” 
means  "build  the  complete  message  format  as  shown  in  References 
1  and  8".  If  SVECT-REMRAR  is  set  to  a  positive  value,  the 
uplink  messages  should  be  routed  to  the  remote  sensor 
indicated.  In  all  other  cases,  the  local  sensor  performs  the 
uplink. 

As  each  message  is  moved  to  the  uplink  buffer,  a  copy  is  linked 
to  a  list  kept  for  the  aircraft.  This  list,  which  is  discarded 
and  created  anew  each  scan,  is  pointed  to  by  SVECT.UPMES. 
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OLSCPMtS 


GROOP  change_thresholds 
I8T  HL'C'in 

Ft?  0*H_OFtTH_HDG 
ewnsTBOCfOPF: 


<ti*e  *o  generate  new  MFC  entry> 
<heaSing  change  requiring  Own  Message> 


l 


ftt£CEDIi*0  Tags  BLAAIC-NOT  FIIXM) 


1 


ORTH  IIRK  RESSRGE  COItSTRGCTTOR  LOCH.  PRRRRETPPS 
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AD-AKW  148  MITRE  CORP  MCLEAN  VA  METRE*  UIV 

rsT,s  ;f:sr iER  v  * u  ’ 

UNCLASSIFIED  MTR-81II120-2  FAA-RU-81-45-2  D°'  FAB0W,  U3™ 


STRUCTURE  OLHCTBL 

GROUP  aiscellansons 
BIT  OBR_»BQD 
IRT  PSOXRO 

IRT  SUBBIBLDHO 
BIT  RBSSSHT 
BROSTBOCTHBg; 


OUT  I 


<0*n  Hassags  1*  rsqoirsd> 
tcoantar  for  first /sacond  traffic 
advisor!  in  aassaga> 
<coontar  for  sabfiald  in  aassaga> 
<R«solation  nassaga  sant> 


fRECBHWO  PAG*  BLAMt-NOT  FILMED 


LIHK  BBSSAGt  CORSTSUCTIOR  TASK  LOCAL  TAKIABLSS 
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TASK  DAT A _L I NEWNESS A GE_C OBSTRUCTION 

IN  (Sector  list  of  aircraf*,  state  rectors) 

OU'r  (sessages  to  uplink  buffer) 

INPUT  (PWILST's); 

CHerge  all  splints  to  aircraft  into  sessage  structure. > 

PEPEAT  WHILE  (sore  aircraft  on  list) ; 

Select  next  aircraft: 

IF  (ATARS  equipped  4J0  in  ATARS  serrice) 

THEN  PERFOPH  altitude_echo_test ;  <deteralne  if  alt.  echo  sessage  reguired> 
PFPPORN  entrY_ranking;  <reorder  entries  on  PWILST> 

IF  (aircraft  is  in  a  conflict  table  AND  own  site  giring  resolution) 
THEN  PERPORN  resolution_sessage_generation; 

<build  resaining  sessages  according  to  class  of  ATARS  ser»ice> 

I*  (TA_class  fi2  0) 

1351  PERFORN  class_0_DLSC: 
nSEIF  (TA_ClasS  52  ’) 

THEN  PERFORM  class_1_DLNC; 

OTHERWISE  PER PORN  claSS_2_DLNC; 

tint  set  of  uplink  sessages  to  state  rector; 


SNDREPEAT: 


END  DATA_LINK_NBSSAGE_CONSTRUCTION; 


DATA  LINK  SESSAGE  CONSTRUCTION  TASK  NIGH-LEYHl  LOGIC 
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TiSK  OkTk.tlWK.HBSSXGE.COHSTROCTIOH 

IB  (Sector  list  of  aircraft,  stats  rectors) 

OPT  (sausages  to  uplink  buffer) 

IHOPT  (PHI ST'  8)  ; 

< serge  all  uplinks  to  aircraft  Into  sassage  structure) 

bepbit  Will  (sore  aircraft  on  sector  list) ; 

Select  nest  aircraft; 

II  (STBCT. ITSEQ  U  S0H8Q  Hfi  STBCT. »TSS  Jfl  STBOB) 

THBB  PBBPOBH  altitude.echo.test ;  <deterslne  if  alt.  echo  sassage  required) 
PBBPOBH  entry.ranking;  <reorler  estries  on  Pins?) 

Cl BIB  BESSBBT; 

II  (STBCT.CTPTH  not  null  Ug  pair  rec  found  for  »C  slth  BSEC.SBBD  set) 
TBBH  PBBPOBB  resolution.sessage.generation; 

<bnlld  resalnlng  sassages  according  to  class  of  »T»HS  serrice) 

II  (STBCT. HClhSS  S3  *C10) 

THBB  PBBPOBB  clasS_0_PlBC; 

B13BIP  (STBCT. ICIASS  *5  TC11) 

THBB  PBBPOBH  class. 1.DIHC; 

qTfliwist  mma  ciass_2_DiHc; 

link  STBCT. PPHBS  to  set  of  uplink  sassages; 

BBDBBPBBT; 

BBP  DITt.lIBK.HESSkQE.COB  STBOCTIOB ; 


D»T»  LZBB  HESStGE  COBSTBOCTIOB  TUSK  10B-LBTB1  10SIC 


ggQCBSS  altitada_acho_tast; 


<S*«  If  ragairad  to  ganarate  ULSC  entry,  eten  if  ao 
pilot  request.  if  no  liEC  sant  recently,  sand  oaa  nov.> 

IT  (no  »LBC  entry  on  PwrtST) 

UU  12  (AtBCT  nninitlalizad  2£  snfficiant  tiaa  sines  kLBCT) 

T8B»  Craata  1LEC  antry  and  link  to  bottoe  of  MUST; 
tJpdate  ilbct  with  enrrant  tins; 

rsp  altltnda_acho_tast ; 


OITk  II»K  SESSkGB  COBStgOCTIOIl  T»Sk  HIOH-lEm  tOOIC  - - - 
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PROCESS  altit«de_echo_t*st; 

<see  if  required  to  generate  ALBC'  entry,  esen  if  no 

pilot  request.  If  no  ALEC  sent  recently,  send  one  noe> 


IP  (no  ALEC  entry  on  PEILST) 

THEE  II  (STSCT.  ALECT  uninitialized  ££  STSTAK.  CTIBB-STECT.  ALECT  SI  ALECTIB) 
THEE  Create  ALEC  entry  and  link  to  bottoa  of  PEILST; 

STECT.  ALBCT-SYSTAB.CTIBB; 


EBP  altitude_echo_test; 


BATA  LIEf  SESSAGB  C0BST8PCTI0B  TASK  LOE-LETEL  LOGIC  - 
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PB0CB3S  entry_ranking; 

miU  SHIIB  (PSltST  contains  nora  Prox  or  Threat  sntrlas)  ; 

12  r»_class  l?  2  BSD  set) 

TBBW  Delete  entry;  <don't  sand  BSD  esg  to  clast  0  or  1> 

BL3B  Dotaraina  and  store  rank  type: 

amms? 

BBPBkT  IBILB  (PSILST  contains  tore  entries) ; 

Sort  all  sntrlas  into  descending  rank  order; 

CL  BIB  SBST  flag  Cor  each  entry: 

BSDBBPBkT: 

I*  (*|,H_class  SB  0) 

THBS  Delete  all  prox  or  threat  entries  after  first  9; 

3L23  Delete  all  prox  or  threat  entries  after  first  8; 

BBPBkT  am  (any  resaining  have  nninitiallxed  ?rack_no> : 

assign  lovest  nnnsed  Track_no: 

BSDBBPBkT: 

£££512  SHI1B  (any  Terrain,  airspace.  Obstacle  entries) ; 

IS  (BSD  set)  <entry  not  apdated  this  scan> 

TUBS  Delete  entry;  <don»t  send  BSD  asg  for  these  typea> 

ssaaimi: 

££££12  SHIIB  (an*  itcbbs  Track  Block  entries) ; 

IS  (lTCFB3_Track_no  nninitiallxed) 

THBS  assign  lovest  nnnsed  ITCSBS_Track_no: 

£J  (this  kTCSBS_Track_no  7) 

THBS  IS  (any  kTCBBS_TB  entry  fonnd  vlth  BSD  statns  IBP  next 
entry  does  not  have  sane  kTCBBS_Treck_no) 

THBS  Hove  snblect  entry  after  one  vlth  BSD  statns: 
assign  soblect  entry  sane  lTCF«S_Track_oo 
as  entry  vlth  BSD  statns; 

BLSB  Delete  snblect  entry;  <too  aany  Track  Blocks> 

BSDPBPBaT: 

BSD  entry_ranking; 

— - -  DkTk  LISS  SBSSkOB  C0S3TB0CTZ0S  T1SK  SIOB-ltm  L03IC  - 
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PROCESS  entrw_ranlting; 


REPEAT  WHILE  (PWILST  contains  aore  TA_PHOX  or  T1_THB BIT  entries)  ; 

JE  (S7ECW*  ACLASS  JLS  JCL2  1,0  *•*-) 

EH  EH  Delete  entrr:  <don't  send  BSD  asg  to  class  0  or  1> 

ELSE  Deteraine  and  store  HAHKTTP;  <see  Table  16-2  for  detalls> 

ESDBEPES^: 

REPEAT  WHILE  (PWILST  contains  aore  entries); 

Sort  all  entries  into  descending  rank  order; 

CLEWS  SEST  flag  for  each  entrw; 

EHPBBPEAT; 

x?  (S7SCT.  ACLASS  Efl  SCLO) 

’’‘HER  Delete  all  prox  or  threat  entries  after  first  9; 

ELSE  Delete  all  prox  or  threat  entries  after  first  8; 

REPEAT  WHILE  (any  resaining  base  uninitialized  TRACE_HO)  ; 

TRACK_HO  *  lowest  nnnsed  value; 

SHDREPSAT; 

REPEAT  WHILE  (any  TERRAIR,  AIBSPACB,  OBSTACLE  entries) : 

IP  (SHD  se*)  <entry  not  updated  this  scan> 

THEE  Delete  entry;  <don*t  send  BED  asg  for  these  types> 

SHDREPSAT; 

REPEAT  WHILE  (any  ATCBBSjrB  entries)  ; 

I*  (ATCRBS_TRACK_HO  uninitialized) 

THEE  ATCBB5_TRACK_E0»lowest  unused  walne; 

I*  (this  ATCBBS_TRACK_EO  5J  7) 

THEE  I?  (any  ATCE9S_TB  entry  found  with  BED  set  HEP  next 
entry  does  not  hawe  saae  ATCR  BS_TR ACK_HO) 

•"HER  Howe  subject  entry  after  one  with  BED  set; 
Assign  subject  entry  sane  ATCR9S_TRACK_HO 
as  entry  with  SHD  set; 

Delete  subject  entry; 

EBP  entry_ran*ing; 

-  9 AT A  LIHK  HESSAGE  COE STB OCT 10 E  TASK  LOW-LETEl  LOGIC  - 


PBOCBSR  res#latlon_sessage_generation; 

<Generste  Resolution  idsisory  and  other  fields  la  Resolution  sassage. > 

Build  COl  field  fros  ova  site's  resolution  (*)  for  1C: 

Set  SIT  field  to  Indicate  own  site; 

select  highest  ranking  traffic  adslsory  entry: 

Build  Til  field:  <null  field  if  no  entry  found> 

SET  e**ry  StW. 

mmj  Subfleld_12_blt_genaration: 

IDSeResolutlon: 

sst  Priority  bit  in  aessage; 

Howe  to  uplink  buffer: 

"’BO  resolutlon_aessage_generatlon: 


91T1  IX«K  8933141  COiSttBCTXOJI  T1SK  BIOR-tMfl  LQ01C 
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PROCESS  resolution_eessage_generation; 

(generate  Resolution  Idwisory  and  other  flalds  In  Resolution  aessage> 

cot  fleld«zeroes; 

EE  PUT  GBTIL  (all  pair  racords  for  1C  processed)  ; 

Select  next  PREC; 

I£  (PR  EC.  SEED  JjJ  PTR0E) 

THEB  COL” logical  of  COL  fiald  with  PREC.  PHBIP.PTHXH  for  1C; 

<both  SPORES,  JPDLIHBS  traatad  as  zeroes> 

EPPREPEIT; 

I*  (ST ECT.CEPTR  sat) 

TREE  SIT  f  laid*  SYST1R.  PULED; <sand  failed  sita's  TD  in  Backup-Raster  »ode> 
ELSE  SIT  fleld-STSTSH.OPRID; 

Select  highest  ranking  T1_THBE1T  or  Tl_9R0X  entry; 

Bnild  TR1  field; <nnll  fiald  if  no  snch  entry  foond> 

SET  entry  SEPT; 

PEBPOPS  Subfleld_l2_bit_generatlon; 

IDS* Resolution; 

S*I  Priority  bit  in  naasaga; 

Bowe  to  uplink  buffer; 

SET  RES SEPT; 

EBP  resolutlon_aessage_gaueratlon; 


01T1  LISP  BESS1GE  COPSTRDCTIOP  T1SK  LOl-LEPSL  LOGIC 
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r  tWlfirTtlTHTTPIT-  |~T  Iinwii  I  -  -  V  - 


PROCPSS  class_0_DLHC ; 

<Generate  any  asgs  required  for  class  0  ATARS  user-> 

RgpgAT  RHIL  P  (P8ILST  contains  aore  ATCHBS  Track  Block  entries)  : 

Selec*  neit  ATCRBS  "rack  Block  entry; 

°PRPOBR  ATCRBS_track_block_uplink; 
gBPREPPAT: 

If  (Resolution  nessage  was  not  sent  ASP  any  entries  on  PKILRT  not  yet  sent) 
"HPB  PgRPORB  three_ad7isories_aessage_generation; 

IP  (more  PRILPT  entries  not  sent) 

fRPB  PPRPORB  six_ad7isories_aessage_generation; 

fRO  class_1_PIBC; 


DATA  LIKK  BPSS AGE  COBSTRBCTIOR  TASK  HIGH-LE7PL  LOGIC 
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PROCESS  class_0_DtHC; 


<generate  any  esgs  required  for  class  0  1T1RS  user> 

BS.£3!)T  (Prilst  contains  sore  »TCRBS_tb  entries) ; 

Select  next  *?CR8S_TB  entry; 

PERPOBH  lTC8BS_tracR_blocfc_uplin1c; 

BBPPBPBRT: 

IP  (RBSSBST  52  JPltSE  1S£  any  entries  on  PWIlST  elth  SERT  B2  SPRLSB) 
1&BS  PBBTOKH  three_adTlsorles_sessaqe_qeneratlon; 

1 2  (»ore  P»I1ST  entries  with  SBBT  E£  IP1LSB) 

Ill!  P»RPO°H  six_adwisories_aes3age_generatlon; 

BSD  class_0_DtnC; 


D1T1  LIRK  HESS15E  C0RST80CTI0R  TUSK  LOR-LETBL  LOGIC 
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?ROC”SS  class_l_OLSC;  <Generate  asgs  required  for  class  1  kTkPS  user.) 

CLf kR  SEHT  flags  on  threat  entries; 

<if  flesolu*ion  Message  sent,  need  separate  threat  esgs  for  class_1  sertice) 
SPBEIELPBO*1 ;  <keep  track  of  first  or  second  snbfield  In  asg> 

REPEkT  WHILE  (aore  PWILST  entries  not  sent)  ; 

Select  next  entry  not  sent: 

IP  (TTPE*Threat) 

THEE  bnild  position  data  snbfield,  PTkT,  threat  data  snbfield; 
kDS»Threat ; 

SET  Priority  bit  in  Message; 

Hose  to  nplink  buffer; 

SET  entry  SERT; 

ELSPIE  (Type  =  4TCRBS  Track  Block) 

THEE  PEPPORH  kTCRBS_track_block_nplink ; 

ELSEI?  (Type  =  Terrain  2S  kirspace  21  Obstacle) 

THEE  PERPORH  auxiliary _adslsories_aessage_generation : 

<send  all  T/l/O  entries) 

"ISEXP  (Ttpe  =  Pro*) 

tHEE  bnild  position  data  snbfield,  PTkT;  <T?E*Prox> 

SET  entry  SPHT; 

JP  (SOBPIELPBO»2) 

THEE  coablne  vlth  sated  snbfield; 
kPS'Pual  Proxlaity; 

CLEIR  Priority  bit  in  aessage; 

Hose  to  nplink  bnffer; 

SOBPITLDEO* 1 ; 

ELSE  SOBPIELPRO-2; 

Save  first  snbfield; 

OTHERWISE:  <don*t  process  kLSC  entry  yet> 

EEPnEPEkT: 

?»?,T9!!3  class_1_altitude_echo_generation; 

EEP  class_1_DtHC; 

-  D»T»  LI HP  RESSkOE  COESTSUCTIOE  TASK  HIGH-tSTEl  LOGIC  - 
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9B0CBSS  class_l_DLBC;  <gonarata  asgs  required  for  class  1  ITISS  user> 

CLUB  SSB"T  flags  on  throat  entries; 

<lf  Resolution  sassage  sent,  assd  separate  threat  ssgs  for  class_1  serwlce> 
SOBPI*IOWO«  1 ;  <keep  track  of  first  or  sacoad  sobflald  Is  sso> 

BBPBhT  WHILE  (sora  PWILST  entries  with  SEAT  JJJ  SPhlSE)  : 

Select  naxt  such  entry; 

IP  (TYPE*Th_THH  BIT) 

THBB  balld  position  data  sabflald,  PT1T,  throat  data  sobflald; 
»DS«Threat ; 

SB*  Priority  bit  1b  sassage: 

Howe  to  uplink  bnffar; 

SB?  antry  SEBT; 

ELSEIP  (TYPE  -  HTCRBS_TBJ 

;  THBB  PBBPOBH  »TCHBS_track_bloek_uplink; 

I  ELSEIP  (TYPE  »  TERRhIS  Of  URSPkCB  2S  OBSTACLE) 

THBB  PBBPOBB  aaxiliary_adwisorles_sessage_generation; 

<send  all  T/h/O  antrlas> 

ELSEIP  (TTPB  *  PBOKJ 

THBB  balld  position  data  sabflald,  PTUT; 

I 

SBT  antry  SBHT; 

i 

JP  (SOBPIELOBO-2) 

j  THBB  Coablna  with  sawnd  sabflald; 

i 

»DS-Dual  Proxisltr; 

CLBIB  Priority  bit  in  sassage; 
flows  to  apllnk  baffar; 

SOBPIBLBBO- 1 ; 

BI8^  SOBPIBLOBO-2; 

Sawa  first  sabflald; 

OTHERWISE:  <don*t  procass  1LEC  antry  yat> 

EHPBEPBkT; 

PEBPORfl  class_l_altltude_echo_generation; 

BBP  class_l_DLHC: 


0»T»  LIBB  HBSSIGE  COB3TROCTIOW  TkSK  LOf-LETEl  tOSIC  - 
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PROCESS  class_2_DLHC;  Onmtt  eessages  for  class  2  ATARS  user.> 

PERPOBS  own_aessage_requiresent_test; 

CLEAR  S8ST  flags  on  threats;  <need  separate  sags  for  class  2> 
P50XR0-1; 

REPEAT  WHILE  (sore  entries  not  sent) ; 

Select  nest  entry  not  sent: 

IP  (TTPE-Threat)  iJID  (BED  not  set) 

thbe  PBRPORH  class_2_threat .generation : 

<say  create  own  data,  start  threat  snbfields> 

ELSEIP  (Tyne  *  ATC88S  Tract  Block) 

THER  PPREQRH  ATCRBS.track.block.uplink ; 

ELSEI?  (Type  *  Terrain  21  Airspace  21  Obstacle) 

THEE  PERPORS  ausillary.adwlsories.iessage.generation; 

<send  all  T/A/O  entries> 

ELSEIP  ((Type  -  Pros  or  •brent)  Afil  (OLD_TTPB=none  21  TED  set)) 
<start  or  end  pros  or  end  threat  entry) 
tan  Build  oositlon  data  subfield,  PTAT,  start/end  snbfield: 
ADS«Start/End  Encounter; 

CLEAR  Priority  bit  in  aessage; 

Howe  to  uplink  buffer; 

IP  (OLD_TTPE*none)  <start  pros  type> 

THBE  SET  entry  SEET; 

ELSE  Delete  entry;  <end  sent> 

ELSEIR  (Type  ■  Pros) 

•HBE  PBRPORH  continuing.pros.classif ication; 

OTHERWISE;  <don«t  process  ALEC  entry  yet> 

SIBISSSAH 

IP  (Own  aessage  required  and  not  sent  yet) 

THEE  Build  own  data  subfield; 

Update  own  asg  tiae  and  lata;  <OWH"\  OWEHDG,  OWS",rb) 

CLEAR  Own  aessage  required  indication; 

PtfifOBH  cl  ass_2_altitude_echo_  genera*,  ion; 

Delete  any  ALEC  entry: 

BID  claas_2_DLHC: 

-  3  ay  a  LIRE  HBSSAOB  COB  STRUCT  10  E  TASE  HIGH-LETEL  LOGIC  - 
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PROCESS  class_2_0LHC;  <generate  messages  for  class  2  tTlBS  user) 

PERFORM  o«n_aessage_requiresent_test; 

CLEAR  SEPT  flags  on  throats;  Cneed  ssparats  asgs  for  class  2> 

PROXPO*  1 ; 

REPEAT  »mi»  (sore  entries  with  SEPT  53  IFALSE)  ; 

Select  next  soch  entrT; 

If  (TTPE»THREAT)  AjJD  (TA_THREAT. 2PD  Efl  IFALSE) 

THEP  P2RF05K  class_2_threat_generat ion : 

EtSEIF  (TTPE  =  ATC83S_TB) 

THEP  PERFORM  ATC5BS_track_block_uplink; 

■LSEIF  (TTPE  =  TERRAIP  08  AIRSPACE  0£  OBSTACLE) 

THEP  PERFORM  auxiliary_adTisories_message_generation: 

<send  all  T/A/o  entries) 

El  SEI»  (0*TPF  =  PROX  or  THREAT)  APB  (OLD_TTPE=none  OB  EPD  set)) 
<statt  or  end  prox  or  end  threat  entry) 

ZEZ3.  Build  position  data  snbfield,  FTAT,  start/end  sabfield: 
ADS=Start/End  Encounter; 

CLEAR  Priority  bit  in  message; 

Ho»e  to  uplink  buffer; 

IF  (TA_PROX.OLD_TTPE*none)  <start  prox  type) 

THEP  SET  TA_PBOX.SEPT; 

ELSE  Delete  entry;  <end  sent) 

ELSEIF  (TTPE  =  PROX) 

•’’HEP  PERFORM  continuing_prox_classif ication: 

OTHERWISE:  <don*t  process  ALEC  entry  yet) 

EPDREPEAT; 

I»  (OBP_REQD  Efl  IT 50 E) 

THEP  Build  o*n  data  snbfield; 

STECT.  OWPT«STST  AH.  CITE; 

Opdate  STECT.OWRHDG,  STEC". 0WPT»P; 

CLE  A°  0WH_REQD; 

PE5F0R H  class_2_altitude_echo_generation; 

Delete  an*  ALEC  en*ry; 

F12  class_2_DLBC ; 

-  DAT*  LIPK  MESSAGE  COPSTROCTIOP  TASK  LOW -LETEl  LOGIC  - 
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pbocbss  iTCBBS_track_block_aplink; 

Select  next  1TCBBS  Track  Block  entry; 

1DS«»tcbbs  Track  Block: 

SET  Priority  Bit  in  aesaage; 

SBT  entry  SEBT: 

Boee  to  uplink  buffer; 

If  (BUD  field  aet) 

yflf y  delete  P*liST  entry; 

<only  aake  one  try  to  aend  ESP  nag  for  this  type> 

ELSE  SBT  SUP  field; 

<if  Detect  taak  doesn't  update  thia  entry  next  scan, 
the  BUD  field  signals  need  for  an  BBD  Track  Block  nsg> 

EBP  ATCBBS_track_block_aplink; 


PIT*  HSR  fl 5331  OB  COBSTBOCTIOB  T13K  BISI-LBTBL  tPOIC 
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PRO 


IS5  hTCRBS_track_block_apllnk; 

Select  next  hTCSBS_TB  entry: 

40S-HTCSBS  Track  Block; 

SPT  Priority  bit  in  aessage; 

SBT  »TCRBS_?B.SEST; 

Bo»e  to  uplink  buffer; 

II  ( 1TCR SS_TB .BSD  STSCB) 

THES  delete  »TCR9S_TB  entry; 

<only  eake  one  try  to  eend  BBS  nag  for  thin  type> 

PtS?  SBT  STCRBS_TB. BSD; 

<if  Detect  task  doesn't  update  this  entry  nest  scan, 
the  BSD  field  slgnala  need  for  an  BSD  Track  Block  asg> 

?CRBS_track_block_up  link; 


Dm  LIBS  SBBSkOB  COSSTSOCTIOS  TIBS  tOt-tBVBt  108IC 


PROCESS  auxiliarv_advisories_»es3age_generaf ion; 

<Search  for  T/A/O  entries  and  build  Auxiliary  Advisories  »essaqe.> 

IF  (Terrain  advisory  entry  on  PSILST) 

THIS  Bnild  terrain  advisory  subfield: 
set  entry  SEHT; 

SI SP  Snild  nail  terrain  advisory  snbfield; 

PERFORM  obstruction_subfield_generation; 

IF  (Restricted  Airspace  entry  found) 

THE*  SET  PST  bit  subfield; 

Build  Restricted  airspace  advisory  subfield; 

SET  entry  SEHT: 

ELSE  CLEAR  RST  bit  SUbfield: 

PEP FORE  obstruct ion_snbfleld_generat ion; 

PERFORM  obstruction_snhfield_generation;  <ves,  two  ti»es> 
<aessage  fornat  includes  either  one  Airspace  subfield 
or  else  two  sore  obstruction  subfields> 

AT>S=Auxiliary  Advisories; 

SET  prioritv  bit  in  aessage; 

Move  to  uplink  buffer; 

FRO  auxiliary_advisories_aessage_generation; 


DATA  LIME  MESSAGE  COSSTVOCTIOR  TASK  HIGH-LEVEL  LOGIC 
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PROCESS  au(iliarv_advi3orie3_aessage_generation: 

<search  tor  T/k/O  entries  and  bnild  kuxiliarv  advisories  «easage> 

U  (TEBSkis  entry  on  PtilST) 

THEE  Bnild  terrain  advisory  subfield; 

set  tsbbhi.sbst; 

BLSB  Bnild  nail  terrain  advisory  snbfield; 

PSFFOBW  obstructlon_sabf ield_ generation; 

U  (kISSPkCE  entry  found) 

THEB  SET  BST  bit  snbfield: 

Build  Bestricted  airspace  advisory  snbfield; 

SET  klBSPkCE.SERT; 

EtSE  CLBkp  BST  bit  subfield; 

PEBFOBB  obstrnction_snbfield_generation; 

PEPFOBH  obstrnctlon_snbfield_generatlon;  <yes,  tvo  tises> 
<sessage  foreat  includes  either  one  airspace  snbfield 
or  else  tvo  aore  obstruction  subfields> 
kDS»kuxiliary  advisories; 

SET  Priority  bit  in  sassage; 

Sore  to  uplink  buffer; 

EBP  auxiliary_advisories_sessage_generation; 


DkTk  IZIR  HBSSkOB  COBSTBPCTTOB  TkSK  101-lBTEt  tOOIC 
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t 

P80CS5S  class_1_altitude_echo_generation; 

<Tind  aost  efficient  way  +o  send  Altitude  Echo  aessage. > 

I?  (SDBEISLOBO-2) 

THfE  If  (ALEC  entry  on  POILSTJ 

TBEE  Use  data  froa  alec  entry: 

ELSE  Generate  ALEC  data; 

Store  current  tiae  in  ALBCT; 

Build  altitude  echo  subfield; 

Coabine  with  sawed  subfield; 

ADS=Proxiaity  plus  Altitude  Echo; 

CLEAB  Priority  bit  in  aessage: 

Sowe  to  uplink  buffer: 

Delete  ALEC  entrw  (if  any)  ; 

ELSBIP  (AL*C  entry  on  PBILST)  <need  another  asg  to  -send  ALEC  alone> 
fHEB  Build  null  Position  subfield: 

Build  altitude  echo  subfield; 

ADS*Proxieity  plus  altitude  echo; 

CLEAB  Priority  bit  in  aessage; 
nowe  to  uplink  buffer; 

Delete  ALEC  entry; 

OTHEBBISE:  <no  prox.  or  ALEC> 

EBP  class_1_altitude_echo_generation; 


DATA  LIBR  SESSAOE  C0BSTBDCTI08  •ASK  BIOH-LSTEL  LOGIC  — 
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PROCESS  class_1_altitnde_echo_generation; 

<flDd  aost  efficient  way  to  sand  Altitude  Echo  sessage> 

II  (so«rmo«o*2) 

THES  u  (ALEC  entry  on  PRILST) 

THEM  Dse  data  froe  ALEC  entry; 

ELSE  senerate  ALEC. adw_data; 

STBCT.  ALBCT-SYSTIH.CTIHB: 

Build  altitude  echo  subfield; 

Conblne  with  sawed  subfield; 

ADS«Proxielty  plus  Altitude  Echo; 

CLEAR  Priority  bit  In  aessage; 

Howe  to  uplink  buffer; 

Delete  ALEC  entry  (if  any)  ; 

ELSEIE  (ALEC  entry  on  PRTLST)  <need  another  nsg  to  send  AL®C  alone> 
TEH  Build  null  Position  sub fie Id; 

Build  altitude  echo  subfield; 

ADS-Proxisity  plus  altitude  echo; 

CLEAR  Priority  bit  in  aessage; 

Howe  to  uplink  buffer; 

Delete  ALEC  entry; 

OTHERWISE;  <no  pro*,  or  ALEC> 

EHD  claan_1_altltude_echo_generatlon; 


DATA  LIVE  HB3SAGE  C0RST1DCTI0R  TASK  LOR-LETEL  LOGIC 
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process  class_2_altitude_echo_generatlon; 

<Tr y  *-.o  coabine  0»n  and  AlEC  subfields. > 

IF  (ALBC  antry  on  PillST  and  not  sent) 

ISIS  Build  altituda  ocho  subfield: 

ADS-Own  Pins  Altitude  Echo; 

EtSBlf  (no  ALBC  antry  on  PIILST) 
thf»  Generate  ALEC  data; 

Store  current  tiue  in  AL BCT; 

Build  altituda  echo  subfield; 

A0s»0*n  Plus  Altituda  Echo; 

OTHERWISE  Build  null  Position  subfield;  <AIBC  already  sent  coubined  with  Prox> 
ADS«Own  Plus  Proz; 

Cl BAB  Priority  bit  ia  aessage; 
love  to  uplink  buffer; 

BSD  class_2_altitude_echo_generatlon ; 


- -  data  LIHH  SBSSAGE  COISTIOCTIOH  TASK  HIOH-LBTBL  LOGIC 
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PROCESS  class_2_altitude_echo_generation; 

<trf  to  coabine  0*n  and  ALEC  subfielis> 

IP  (At, PC  entry  on  PRILST  ARP  ALEC. SEAT  12  *FALSE) 

THPR  Solid  altitude  echo  subfield; 

A DS*0»n  Plus  Altitude  Echo; 

EL  SEIF  (no  ALEC  entry  on  PRILST) 

"•HER  Generate  ALEC.adT.data; 

STECT. ALBCT=STSTAR.CTIHE; 

Build  altitude  echo  subfield: 

ADS«0»n  Plus  Altitude  Echo; 

OTHERRISS  Build  null  Position  subfield;  <A LEC  already  sent  combined  with  Proi> 
APS«Own  Plus  Pro*; 

CLEAR  Priority  bit  in  message; 

(lose  to  uplink  buffer; 

ERO  class_2_altitude_echo_generation; 


OATA  LIRE  SESSAGB  C0R5THJCTI0R  TASK  LOR-LETEL  LOGIC  - 
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PBOCBSS  class_2_threat_generation; 

<Create  one  or  tvo  aessagos  as  required  for  Throat  kdvisory.  > 

12  (entry  has  not  already  baan  sant  as  Thraat  type) 

THBB  Build  ovn  data  sobfiald;  <required  for  new  Thraats> 

CLB1B  Oan  aassage  required  indication; 

<don't  also  have  to  sand  separate  Own  sassaga> 

Bnild  Start  Thraat  snbfiald; 

»DS«Start  Thraat; 

SB*’*  Priority  bit  in  sassaga; 
sore  to  uplink  bnffar; 

Build  position  data  subfield,  BTkT,  thraat  data  subfield; 

12  (threat  causing  resolution  advisory)  <found  in  ranking  Drocess> 
ISSl  SBT  resolution  advisory  bit; 

BLSB  CLBkB  resolution  advisory  bit; 

»DS«Threa* ; 

SBT  Priority  bit  in  sassaga; 
love  to  uplink  buffer; 

SBT  an*ry  SBBT; 

BHO  class_2_threat_ganeration; 


D»T»  LIIV  BBSSIOB  COBSTBOCTIOB  ThSB  HISH-lBTBt  V>OIC 


16-P2B 


PHOCFSS  class_2_threat_generatlon; 


<Create  one  or  two  aessages  as  required  for  Threat  idwisory> 

U  (Tk_THRF»T.OLD_TTPE  U  THSBiT) 

Ills  Build  own  data  subfield;  <reqalred  for  new  *hreats> 

CLFAR  Of R_BEQD; 

<don't  also  have  to  send  separate  Own  sessage> 

Bnlld  Start  Threat  sabfleld; 

XDS»Start  Threat; 

SET  Priority  bit  in  aessage; 

Howe  to  uplink  buffer; 

"uild  position  data  subfield,  FTkT,  threat  data  subfield; 

IF  (Tk_TSSBkT. HkRBTT?«Threat  causing  resolution  adrisort) 

TBBB  SF*  resolution  advisory  bit; 

Ft,  SB  CLBRF  resolution  advisory  bit; 

XDS^Threat ; 

SF"1  Priority  bit  in  aessage; 

Sows  to  uplink  buffer; 

5 FT  Tk_THRERT.  SETT; 

FED  class_2_t hreat_generatlon; 


DATR  LIRK  RBSSIGE  CORSTROCTTOW  TXSK  LOf-LBTBL  LOGIC 


16-P29 


PROCESS  con*- inuing_prox_classi f icat ion : 

Ouild  «sgs  with  Prox  entries  which  are  not  start  or  end  types  (hence  'continuing*)  .  > 

Build  oosition  data  sabfield,  ETAT; 

SET  en*ry  SEHT: 

JCF  (PRO  TNO=  2) 

TREE  Conbine  with  sawed  sabfield: 

ADS=Dual  Proxinity; 

CLEAR  Priority  bit  in  nessage; 

Rowe  to  uplink  buffer; 

°R0IH0=1 ; 

*t SPIB  (sore  prox  entries  not  yet  sent)  <not  counting  start, end  types> 

*«ER  PROKRO-2; 

Sawe  subfield: 

ELSEIB  [At'C  entrw  on  PWILST) 

"HER  "uild  altitude  echo  subfield: 

A9S=°roxi«ity  Plus  Altitude  Echo: 

CLEAR  Priority  bit  in  nessage; 

Rowe  to  uplink  buffer; 
sr  ALEC  entry  SERT; 

ELSEIP  (Own  nessage  required  and  not  yet  sent) 

THFR  build  own  data  subfield; 

Bpdate  own  message  tine  and  data;  <OWHT,  OWHHDG,  OUB'’RR> 

CLEAR  Own  nessage  reguirenent  indication; 

ADS=Own  Plus  Proxinity; 

CLEAR  Priority  bit  in  nessage: 

Rowe  to  uplink  buffer; 

OTHERWISE  Create  ALEC  entry  in  PWILST; 

SET  entry  SERT; 

Store  current  tine  in  ALECT; 

Build  altitude  echo  subfield; 

ADS=Proxi«ity  Plus  Altitude  Echo; 

CLEAR  Priority  bit  in  sessage: 

Rowe  to  uplink  buffer: 

TED  continuino_prox_classif lea t ion; 

-  3HTH  LIRE  ressage  corstroctior  task  high-level  logic  - 
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P?PCC5S  continuing_prox_classiflcation; 

Build  goeition  data  subfield,  PTAT: 

SET  TA_PROX. SERT: 

JP  (PROXRO-2) 

THPR  Coebine  with  saved  subfield; 

ADS-Dual  Proxlsity; 

CLEAR  Priority  bit  in  sassage; 

Hove  to  uplink  buffer; 

PROXRO-1 ; 

ELSEIP  (sore  T1_PR0X  with  (TA_PROI.  SPIT  $2  JP1LSE)  HD 

(TA_PROX.  BED  SPALSE)  ARB  (TA_PHOX.OLD_TTPE  none)) 
-»»»  PROTWO-2; 

Save  subfleld; 

ELSE!*  (ALEC  entry  on  PSILST) 

THEM  Build  altitude  echo  subfield; 

ADS*=Proxieity  Plus  Altitude  Bcho; 

CLE1R  Priority  bit  in  sassage: 
ffove  to  uplink  buffer; 
syr  alec.sert; 

ELSEIP  (OSR_REQO  12  JTVOg) 

TBEB  build  o*u  data  subfield; 

5TECT.  0RRT*5Y5VAR-  CTIBE; 

Dpdate  STECT.OBKBDG,  5VECT.  OtITRE; 

CLEAR  ORR_HEQD ; 

AOS»Own  Plus  Ptoxisity; 

CLEAR  Priority  bit  in  sassage; 

Hove  to  uplink  buffer; 

OTBgRRISg  Create  ALEC  entry  in  PVTLST; 

SET  AtBC.SBBT; 

SVgCT- AIBCT-STSTAR.CTIBE: 

Build  altitude  echo  subfield; 

ADS«Proxiiity  Plus  Altitude  Echo; 

CLEAR  Priority  bit  in  sassage; 

Bove  to  uplink  buffer; 

EBP  continulng_prox_classification ; 

-  DATA  Liu*  SBSSAGE  COBSTRBCTIOR  TASK  LOf-LBVBL  LOGIC  - 
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PROCESS  obstructlon_sobfield_generation; 


IF  (Obstacle  entry  found  ABP  not  SERT) 

THEE  Solid  11-bit  Obstacle  adtisory  snbfield; 
SET  entry  SEBT; 

ELSE  Build  null  Obstacle  adtfsory  snbfield; 

EBP  obsttaction_sabfleld_ generation; 


PATH  LIRE  E ESS AGE  COBSTPPCTTOB  TASK  SIGH-tBTEt  LOGIC 
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PBOCESS  obstruct ion_snbfield_g#neration; 


n  (0BST1CLB  entry  found  JJID  08STICLE.  SEBT  IF1LSB) 
THEE  Build  13-bit  Obstacle  adTisory  subfield; 

SBT  OBST1CLB. SEIT; 

ELSE  Build  null  Obstacle  advisory  subfield: 

EBP  obstruction_subfield_generation; 


P»T»  tint  HESSIGE  COBSTBPCTIOB  TUSK  LOB-LETEL  LOGIC 
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PROCESS  own_aessage_reqnirenent_tesi; 

<Tse  tiae,  heading  to  see  If  own  aessage  required.) 

IP  (ORNT  uninitialized)  <AC  just  entered  cowerage  OR  last  ORR  uplink  failed) 
TBER  SET  Own  nessage  requireaent  indication; 

ELSEIP  (own  ground  track  heading  differs  sufficiently 

froe  (prew.  heading  uplinked  ♦  turn  rate  uplinked  •  tlae  since  uplink)) 
l|,flEE  ST?  Own  aessage  requireaent  indication; 

OTRPRR^SE  C1EAR  Own  aessage  requireaent  indication; 

EBP  own_*essage_requireaent_test; 


OATH  HER  BESSASE  CORSTR0CTTOE  TASE  HIGR-LEPEL  13GIC 
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PROCESS  ow«_aessage_requireient_test; 

<Ose  tiae,  heading  T-o  sea  if  own  sassage  requited) 

JP  (stBCT.O»BT  uninitialixed) 

rata  ser  o»b_rbqd; 

eiseif  (IBs ( use  r»«  (st«:t.td/stbct.  xoj  -  (steer. obbrog  ♦ 

SteCT.OBBTM  •  (STSt  4B.  CTIBE-5TBCT.  OWST)  )  l  ST  0«B_DBLTh_HDG) 

rgeii  ser  o*r_rbqd; 

QTHefise  cie»B  o*i_rbqd: 

TBD  otro_aessage_reqoireaent_test: 


t>m  LIHK  HBSS1GE  COHSTEOCTIOW  TUSK  LOI-LBtRL  LOGIC 
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PROCESS  slx_ad»i sories_sessage_generation ; 

BRPRAT  DSTTL  (six  fields  generated) ; 

If  (first  or  second  field) 

THRU  PRBPOBW  subfield_12_bit_generation; 

RL SR  PRRROBS  subf ield_6_bit_generation; 

ismmi: 

IDS-Six  Advisories; 

If  (anr  subfield  contains  Threat,  ‘"errain,  Airspace,  or  Obstacle  types) 
THPS  SRT  priority  bit  in  sessage: 

BtSR  CLRAP  Priority  bit  in  sessage: 
lose  to  uDlink  buffer: 

RSP  six_advisories_se3sage_generation: 


DATA  LINK  SRSSAGR  COKSTRtJCTTOK  TASK  HIG8-LBTRL  LOGIC 


PROCESS  slx_adTisorles_aessage_ generation; 

REPEAT  gS TIL  (six  fields  generated) ; 

If  (first  or  second  field) 

THEE  PEgfOBH  subfield_12_b±t_generation; 

ELSE  PEREORH  subf ield_6_bit_generati on ; 

smsflil: 

ADS»Six  AdTisories; 

IE  (ant  sabfield  contains  Threat,  Terrain,  Airspace,  or  ObstacLe  ttpes) 
THEE  SET  Priority  bit  in  sessage: 

ELSE  CLEAR  Priority  bit  in  sassage; 

Rose  to  uplink  buffer; 

EEO  six_ad»isories_sessage_generation ; 


DATA  LIRE  MESSAGE  COESTIOCTIOR  TASR  LOt-LEf EL  LOGIC 
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PBOCBSS  subfield_6_bi*-_generation: 

»ind  next  "hreat  or  Prox  entry  not  sent; 

I?  (entr»  found) 

TR?!t  enter  cioct  bearing  in  subfield  indicator; 

Enter  relative  altitude  zone; 

SBT  entry  SBJIT; 

BLEB  enter  all  zeros  in  snbfield;  <no  aore  Threat/Prox  entries 

to  fill  the  subfield> 

BEQ  subfield_6_bi»_generation; 


0»T»  LtPK  SESSAOE  COBS'tjmCTIOIl  TUSK  HIGH-LEVEL  LOGIC 


PlOCtSS  *obtlaia_6_bit_ganarntion; 

Pina  nett  TijragSl*  or  Tk_pgo*  entry  «lth  s»g?  Jfl  *TM.S*: 

U  (entry  foon4) 

I 

THfg  enter  clock  bearing  In  snbfleia  Indicator; 
gnter  relatlae  altltna*  tone; 

5BT  entry  SSgT; 

•L3f  an tat  all  neroa  In  snbfleia;  <no  bora  Threat/Prox  antrlaa 

to  fill  the  snbfteia> 

i 

) 


fgty  snbfieia_6_bit_generation; 


PBOCB55  snbfield_12_bit_generation; 

Find  nett  PWI1ST  entry  not  sent; 

IP  (Tvoe  *  "hreat  or  Prot) 

THES  Set  snbfield  indicator  *  clock  bearing; 

Enter  relative  altitnde  zone,  range  bit,  conpass  coarse; 
Plrst  tine  bit  -  PTAT; 

IP  (Type»Threat) 

TUBS  Threat/Prox  bit  »1; 

BtSB  Threat/Prox  bit  »0; 

StSEIP  (Type  «  Terrain) 

T3BS  Set  subfield  indicator  *  Terrain; 

Enter  altitnde  relative  to  terrain  data; 

Pirst  tine  bit  »  PTAT; 

BISBIP  (Type  -  Obstacle) 

THBW  Set  snbfield  indicator  «  Obstruction; 

Bnter  enter  altitnde  relative  to  obstruction,  clock  bearing; 
Pirst  tine  bit  »  PTAT; 

BISBIP  (Tyne  »  Airspace) 

ISIS  Set  snbfield  indicator  »  Airspace; 

Bnter  airspace  type; 

Pirst  tine  bit  =  PTAT; 

OT3BBI ISB  Set  snbfield  indicator  «  Obstruction;  <no  nore  entries> 

Set  clock  bearing  »  0;  <deno*es  null  12-bit  snbfleld> 

SET  en*ry  SEPT; 

EHD  snbfleld_12_bit_generation; 


DATA  III*  HESS AGE  COHSTPOCTIOK  "ASK  HIGH-tETBl  100IC 
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PBOCESS  subfield_12_blt_generation; 

Find  next  PBILST  entry  with  SEB*  £2  *F»LSE; 

I*  (TYPE  «  TX_TH8 BIT  or  TX_PBOI) 

im  Sat  subfield  indicator  ■  clock  baaring; 

Enter  ralatiwa  altitoda  zona,  ranga  bit,  coapasa  course; 
First  tiaa  bit  -  FTXT; 

II  (TYPE«TX_THBE1T) 

THEB  Thraat/Pro*  bit  *1 ; 

CISC  Thraat/Prox  bit  *0; 

FISEIF  (TYPE  »  TEBBXIB) 

THEB  Sat  snbfisld  indicator  »  Terrain; 

Fntar  altitude  relative  to  tarrain  data; 

•irst  tiaa  bit  »  FTXT; 

El  SEIF  (TYPE  «  OBST1CLE) 

THEN  Sat  snbfisld  indicator  »  Obstruction; 

Enter  enter  altitude  relative  to  obstruction,  clock  bearing; 
First  tiaa  bit  ■  FTXT: 

BISBIF  (TTPF  »  XIFSPXCE) 

THEB  Sat  subfield  indicator  »  Xirspace; 

*nter  airspace  type;<see  Beferance  9  for  coding> 

First  tiaa  bit  *  FTXT; 

0T3EB*ISE  Sat  subfield  indicator  ■  Obstruction;  <no  aore  entries) 

Sat  clock  bearing  «  0;  <denotes  null  12-bit  snbfisld) 

SET  entry  SE8T; 

EBP  subfield_l2_bit_generatlou; 


-  QXTX  IIBB  HESSXGE  C0BSTB0CT10B  TXSK  LOB-LEYEl  LOGIC 
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PROCESS  snbfield_18_bit_generatlon: 

Find  next  PSILST  entry  not  sent; 

IE  (Type  •  Threat  or  Pro*) 

III!  set  snbfleld  Indicator  ■  clock  bearing; 

enter  alt.  tone,  rel.  alt.,  range,  coapass  coarse  fields; 

First  tine  bit  «  PTAT; 

I*  (Type-threat) 

THEE  Threat/Pro*  bit  -1; 

FIS?  Threat/Pro*  bit“0; 

ELSE!-  (Type  -  Terrain  uy>  not  last  non-ALEC  entry)  <lf  last,  use  12-bit  snbf.> 
TIFF  Set  snbfleld  indicator  -  Terrain; 

enter  altitude  relative  to  terrain  data; 

First  tine  bit  -PTAT; 

EL  SEIF  (Type  «  Obstacle  MID  not  last  non-ALEC  -entry)  <if  last,  use  12-blt  subf.> 
TREE  set  snbfleld  Indicator  -  Obstrnetlon: 

Fnter  altitude  relative  to  obstrnetlon,  clock  bearing; 

First  tine  bit  -  PTAT: 

ELSSI?  (T-pe  -  Airspace  il2  not  last  non-ALEC  entry)  <lf  last,  use  12-blt  snbf.> 
iflia  Set  snbfleld  indicator  -  Airspace; 

Fnter  airspace  type; 

First  tiae  bit  ■  PTAT; 

SL25IF  ((Type  »  AL EC)  2S  ((no  sore  entries  21  exactly  one  T/A/O  entry  not  sent) 

A  IIP  AIilC  entry  van  not  already  sent)) 

TH»E  Set  snbfleld  indicator  -  Al.EC; 

Enter  adj.  altitude,  node  C  confidence,  alt.  echo  data; 

U  C'yne  *  ALEC  exists  on  PfILST) 

TEES  Delete  ALEC  entry; 

ELSE  Store  current  tine  in  ALECT; 

OTHERSI 5F  set  snbfleld  indicator  -  Obstruction;  <no  note  P*ILST  entries) 

Set  clock  bearlng-0;  <denotes  null  18-bit  snbfleld) 

SET  entry  SEET; 

SEP  snbfleld_i8_bit_generation; 

-  0|*j  LIEE  8BSSA8B  COESTROCTIOB  TASE  HIOH-LSVEl  LOGIC  - 
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PROCESS  subfield_18_bit_generation; 

Find  next  °RILST  entrv  with  SEE-  82  IF  XL  SB; 

IX  (TTP!  =  TA_THREAT  or  TA_PROI) 

TERR  set  subfield  indicator  *  clock  bearing; 

Fnter  alt.  zone,  rel.  alt.  ,  range,  coapass  coarse  fields; 

First  tile  bit  *  FTAT; 

IX  (TYPE*TA_THR  EAT) 

THEE  Threat/Prox  bit  *1; 

ELSE  Threat/Prox  bit“0; 

B1SB1F  (TTPB  =  TERRAIN  AND  not  last  non- ALEC  entry) 

TERR  Set  subfield  indicator  =  Terrain; 

Fnter  altitude  relative  to  terrain  data; 

First  tile  bit  =  FT  AT ; 

FtSFIF  (TT°E  =  ORSTACLE  ARD  not  last  non-ALEC  entry) 

TERR  Set  subfield  indicator  *  Obstruction; 

Fnter  altitude  relative  to  obstruction,  clock  bearing; 

First  *i»e  bit  *  FTAT; 

El  SEIF  (-TOR  =  AIRSPACE  A£D  not  last  non-ALEC  entry) 

TERR  Set  subfielt  indicator  =  Airspace; 

Enter  airspace  type;<see  Reference  9> 

First  tine  bit  =  FTAT; 

FtSFIF  ((type  =  ALEC )  OR  ((no  lore  entries  OJ  exactly  one  T/A/O  entry  not  sent) 
ARD  no  AiSC  subfield  already  generated  in  this  lessage) 

THEN  Set  subfield  indicator  «  AIRC; 

Fnter  adj.  altitude,  lode  C  confidence,  alt.  echo  data; 

IF  (TTPE=ALEC) 

TRER  Delete  ALEC  entry; 

ELSE  SYECT.  ALECT=STSYAR.  CTIRE; 

OTHRRRI SR  5e*  subfield  indicator  ■  Obstruction;  <no  lore  PRILST  entries) 

Set  clock  bearing*!);  <denotes  null  18-bit  subfield) 

SET  entry  SRR— ; 

RRD  subfield_i8_bi*_generation; 


DATA  LIRE  SESSAGB  CONSTRUCTION  TASK  LOE-LEREL  LOGIC 
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process  t4ree_adrisorie*_eessage_generation: 


KEPT AT  OHTIL  (three  fields  generated) : 

LZ  (first  or  second  field) 

THE!)  PEREOBB  sabf iel i_l8_bit_genaration; 

EtSE  PEREORB  subfield_l2_bit_generation; 

aumiu: 

ADS-Three  Adrisories; 

I*  (soy  subfield  contains  '■hreat,  Terrain,  Airspace,  or  Obstacle  type 
THEE  3»T  Priority  bit  in  aessage; 

ELSE  (^frEAR  Priority  bit  in  aessage: 

Ho»e  to  uolint  buffer; 

EHO  three_adTisories_Be8sage_generation; 


0 ATA  LIBR  BE3SA8E  C0R3TR0CTI0E  TASK  HISH-LETEL  1DGIC  — 
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PROCESS  three_adTisories_aessagei>generation; 

BEPBAT  OBTIL  (three  fields  generated) : 

IP  (first  or  second  field) 

THBB  PBBPOBH  subfield_18_bit_generation: 

ELSE  PEPfOEB  snbfield_l2_blt_ generation; 

EBDBBPB1T: 

ADS»Three  Advisories; 

I*  (any  snbfield  contains  Threat,  Terrain,  Airspace,  or  Obstacle  *ypes) 
*"EEE  SET  Prioritv  bit  in  aessage: 

ELSE  CLEAR  Priority  bit  in  aessage: 

Hot*  to  uplink  baffer: 

»8P  three_adaisories_aessage_generation; 


-  OITA  LIKK  8BSSAGB  COKSTP0CTIOK  TASK  LO*-lETEL  LOGIC 
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FIAT  <first_h iae_adTisory_transaitted> 

If  (Psilst  entry) 

OCT  (first-* iae  in<iica* ion)  ; 

IF  (Tape  has  not  changed) 

THth  Not  first-tiae; 

FLSE  First-tiae:  <ne*  entry  Of  change  of  type> 


END  FTA*; 


D»t»  iIHy  HESS  AGE  CONSTHCC*IOH  TASK  HIGH-LEVEL  LOGIC 
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r 


ygwcTiOB  FT  XT  <first_tl«e_adyiaory_transiitted> 

if  (PWILST  entry) 
pqT  (FTXT)  :<BIT> 

if  (entr»  TTPB»entry  OIOJFTPB) 

THEB  CLBX8  FTX": 

BtSB  SET  FT IT; 


EBP  FTV: 


I 

i  .  OXTX  LIBK  SBSSXGB  COKSTBOCTtOB  T»SK  tOf-tFTBt  LOGIC 
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17.  FAILURE  MODE  OPERATION 


17.1  Failure  Provisions  in  ATARS  Design 


Protection  against  numerous  types  of  failures  Is  Incorporated  In 
the  ATARS  system  design.  Specific  features  are  provided  to  cope 
with  the  following  ATARS-specif ic  failures: 

1.  Failure  to  receive  a  target  report  from  the  local 
sensor 

2.  False  altitude  or  track  association  in  target  report 
from  local  sensor 

3.  Failure  to  deliver  traffic  or  resolution  advisory  by 
local  sensor 

4.  ATARS  selects  a  resolution  advisory  which  is 
incompatible  with  an  aircraft's  existing  resolution 
advisories 

5.  Failure  of  a  ground  communication  channel  between 
sensors 

6.  Where  a  ground  communication  channel  is  not  provided, 
or  has  failed,  ATARS  selects  resolution  advisories, 
not  knowing  the  pair  of  aircraft  is  already  being 
resolved  by  another  ATARS  site 

7.  Failure  of  the  DABS  sensor  at  a  single  site 

8.  Failure  of  the  ATARS  function  at  a  single  site 

9.  Catastrophic  failure  of  an  ATC  facility 

Logic  for  items  7  and  8  is  contained  in  this  section.  The 
features  which  accommodate  the  other  items  are  found  in  other 
sections  of  this  document.  All  the  capabilities  are  discussed 
here  to  summarize  the  robust  nature  of  the  overall  design. 

17.1.1  Missing  Target  Report 

If  the  local  sensor  misses  a  target  report  on  an  aircraft,  it 
requests  a  report  from  an  adjacent  sensor.  ATARS  performs 
coordinate  and  time  conversion  for  the  remote  report  and  uses  it 
to  update  the  track  for  the  aircraft.  If  the  aircraft  is  ATARS 
equipped,  ATARS  requests  a  RAR  report  from  the  remote  sensor. 
Even  if  that  sensor  was  not  previously  reading  the  aircraft's 
RAR,  the  remote  sensor  may  do  so. 
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When  a  sensor  detects  an  aircraft  passing  into  its  antenna's 
zenith  cone  ("cone  of  silence"),  it  requests  an  adjacent  sensor 
to  provide  target  reports  continuously  until  told  to  stop.  In  a 
like  manner,  ATARS  requests  RAR  reports  from  the  adjacent 
sensor,  for  an  equipped  aircraft,  to  be  provided  until  told  to 
stop.  The  adjacent  sensor  "borrows"  the  original  site's  ATARS 
ID  during  this  condition. 

If  no  target  report  is  obtained  from  any  sensor  (e.g.,  no 
adjacent  sensor  covered  the  aircraft's  location  or  no  ground 
communication  channel  is  operating),  ATARS  coasts  the  track 
using  its  last  estimates  of  position  and  velocity.  Full 
conflict  detection  continues.  If  no  report  is  received  by  a 
predetermined  time,  ATARS  drops  the  track. 

If  a  position  report  is  received  with  altitude  missing,  the 
altitude  estimate  is  coasted.  If  a  target  report  is  received 
but  RAR  data  is  missing,  ATARS  assumes  the  last  known  RAR 
contents  are  unchanged,  rather  than  assuming  an  empty  RAR. 

17.1.2  Target  Report  Contains  False  Altitude  or  Track 
Association 


ATARS  maintains  tracks  on  aircraft  in  its  service  area  which  are 
independent  of  DABS  surveillance  tracks.  Since  the  requirements 
of  a  collision  avoidance  system  differ  from  a  surveillance 
system,  ATARS  uses  its  own  criteria  for  establishing  or  dropping 
tracks. 

ATARS  performs  a  reasonability  check  on  each  altitude  report. 

If  unreasonable,  the  altitude  report  is  ignored.  If  a  falsely 
decoded  altitude  is  sufficiently  reasonable  to  be  accepted,  it 
is  smoothed  by  the  tracker  and  thus  is  unlikely  to  seriously 
affect  ATARS  service. 

17.1.3  Sensor  Fails  to  Deliver  Traffic  or  Resolution  Advisory 

Although  the  DABS  data  link  is  very  reliable,  the  sensor  may 
occasionally  fail  to  deliver  traffic  or  resolution  advisories. 
When  a  target  report  was  received,  but  part  or  all  of  the  ATARS 
messages  were  not  delivered  during  the  beam  dwell,  ATARS  has 
good  reason  to  believe  that  the  aircraft  is  still  visible  to  the 
sensor.  ATARS  simply  computes  updated  advisories  for  the  next 
scan.  In  the  meantime,  the  avionics  retains  the  existing 
advisories  until  they  are  updated,  or  until  a  time  out  several 
scans  in  length  has  expired.  When  an  ATARS  uplink  message  was 
attempted  and  not  even  a  target  report  was  successfully  achieved 
by  the  local  sensor,  ATARS  Immediately  attempts  to  deliver  its 
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messages  through  one  (and  only  one)  adjacent  connected  sensor. 
The  adjacent  sensor  borrows  the  local  ATARS  ID,  regardless  of 
whether  or  not  Its  own  ATARS  Is  providing  service  to  the 
aircraft.  The  DABS  multi-link  protocol  may  not  be  used  for 
ATARS  uplink  messages. 

17.1.4  ATARS  Selects  Incompatible  Resolution  Advisory 


ATARS  resolution  logic  always  selects  new  resolution  advisories 
compatible  with  an  aircraft's  existing  resolution  advisories. 
However,  if  an  existing  advisory  is  not  known  to  the  ground,  an 
imcompatible  (i.e.,  contradictory)  sense  advisory  could  be 
uplinked.  This  could  happen  if  a  BCAS  outside  ATARS  coverage 
(called  a  "pop-up"  threat)  initiated  resolution  with  the  subject 
aircraft  since  the  last  SAR  downlink;  or  if  another  ATARS  site, 
unconnected  by  a  ground  communications  link,  resolved  another 
conflict  since  the  last  RAR  downlink. 

Any  incompatible  advisory  is  rejected  by  the  ATARS  avionics. 

The  RAR  performs  a  compatibility  check  for  every  uplinked 
advisory.  If  multiple  advisories  are  beng  uplinked,  all 
compatible  advisories  will  be  accepted  even  if  others  are 
incompatible  and  rejected.  ATARS  reads  down  a  copy  of  the  RAR 
contents  as  they  existed  at  the  time^  the  RAR  was  accessed. 

ATARS  duplicates  the  avionics'  compatibility  logic  to 
immediately  determine  whether  each  of  its  uplink  advisories  will 
be  accepted.  For  any  which  are  found  incompatible,  new 
advisories  are  recomputed  for  delivery  the  next  scan,  taking 
account  of  the  updated  copy  of  the  RAR  contents.  This  logic  is 
described  in  Section  5.2. 

17.1.5  Failure  of  Ground  Communications  Channel 

A  ground  communications  channel  between  sensors  is  not  a 
critical  element  for  ATARS  operation.  Where  a  network  of  more 
than  two  DABS  sensors  exists,  the  loss  of  a  ground  channel 
prompts  DABS  network  management  to  establish  alternate  message 
paths.  Whenever  this  succeeds,  the  ground  channel  failure  is 
transparent  to  ATARS. 

When  ATARS  becomes  unconnected  to  a  neighbor,  some  degradation 
of  service  will  occur,  since  remote  reports,  cone  of  silence 
coverage,  and  remote  uplink  become  unavailable.  However,  the 
majority  of  service,  including  multi-site  coordination  of 
conflict  resolution,  continues  unaffected.  The  RAR  is  used  as 
the  coordinating  device  for  all  resolution,  and  responsibility 
is  unchanged. 
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17.1.6  Resolution  Duplicating  That  Provided  by  Another  Site 


Whenever  a  ground  communication  channel  is  available,  positive 
coordination  between  sites  assumes  that  only  one  site  at  a  time 
issues  resolution  advisories  to  a  particular  pair  of  aircraft. 
However,  when  no  channel  is  provided,  or  when  the  channel  has 
failed,  such  duplicate  service  may  be  attempted  in  certalti 
situations.  This  primarily  happens  when  a  DABS-ATCR*S  pair 
moves  into  the  low  altitude  part  of  an  ATARS  seam;  or  for 
unusual  situations  such  as  when  a  DABS-DABS  pair  flies  into  an 
ATARS  seam  and  site  responsibility  changes  just  before  the 
conflict  begins,  and  one  site  has  been  unable  to  read  down  the 
ATARS  site  ID  bits  for  at  least  one  scan  since  they  changed. 

The  latter  situation  is  a  compound  event  of  low  probability. 

The  principal  case  is  handled  by  having  the  site  designated 
"lower  priority"  evaluate  the  other  site's  advisory  to  the  DABS 
aircraft.  If  this  appears  adequate,  the  site  yields 
responsibility  to  the  higher  priority  site.  In  any  event,  the 
compatibility  logic  within  the  RAR  prevents  contradictory 
advisories  from  being  posted. 

17.1.7  Failure  of  the  DABS  Sensor 


The  DABS  sensor  is  complex  and  may  fail  in  a  variety  of  ways, 
many  of  which  are  beyond  the  scope  of  this  document.  Any 
failure  which  causes  the  local  ATARS  function  to  fail  is  treated 
in  the  next  Section. 

If  only  the  surveillance  function  or  RF  channel  fails,  so  that 
ATARS  continues  to  operate,  data  from  remote  sensors  may  be  used 
as  described  in  Section  17.1.1.  In  this  case,  ATARS  attempts  to 
provide  service  in  its  usual  area,  but  is  limited  to  servicing 
those  aircraft  seen  by  adjacent  connected  sensors.  It  is  the 
responsibility  of  the  local  DABS  to  request  the  remote 
surveillance. 

17.1.8  Failure  of  ATARS  Function 


Any  network  of  neighboring  DABS  sensors  may  take  advantage  of 
overlapping  DABS  coverage  for  the  purpose  of  allocating 
replacement  coverage  for  a  failed  ATARS  site.  Section  17.3 
discusses  the  means  for  recognition  of  a  failed  ATARS  and  the 
action  to  be  taken. 

17.1.9  Failure  of  the  ATC  Facility 

ATARS  normally  serves  controlled  aircraft  only  as  a  backup  to 
ATC.  When  aircraft  come  into  conflict  in  sufficiently  hasardous 
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situations,  ATARS  issues  traffic  and  resolution  advisories. 

This  action  is  performed  routinely,  and  in  the  event  of  a 
catastrophic  ATC  failure,  ATARS  continues  to  provide  full 
service. 

17.2  Function  Status  Processing 

Each  DABS  sensor  contains  a  performance  monitoring  function. 

Once  per  scan,  the  sensor  sends  sensor  status  and  ATARS  Status 
Messages  to  all  adjacent  sensors.  ATARS  is  only  interested  in 
the  status  ("operational”  or  "failed”)  of  the  ATARS  function  of 
each  of  its  neighbors.  Whenever  such  Status  Messages  are 
received,  the  Non-surveillance  Message  Processing  Task  (Section 
5.1)  calls  the  Remote  Function  Status  Routine.  This  routine 
examines  all  remote  ATARS  Status  Messages  which  have  been  queued 
since  the  last  execution  of  the  routine.  The  routine  maintains 
a  function  failure  table  indicating  the  status  of  each  remote 
ATARS.  However,  the  logic  only  accommodates  a  single  remote 
ATARS  failure. 

17.3  ATARS  Backup  Mode 

Upon  recognizing  the  first  such  failure,  the  Backup  Mode 
Initiation  process  is  performed.  This  process  replaces  the 
ATARS  service  map  with  the  backup  service  map  corresponding  to 
the  failed  ATARS.  Tables  are  stored  to  indicate  the  appropriate 
service  map  to  use  after  the  failure  of  any  neighboring  site. 

The  table  MAPTBL  (i)  contains  the  list  of  map  vertices 
corresponding  to  site  (i)  failing.  The  value  i  ■  0  is  used  for 
the  normal  mode  of  operation.  Similarily,  the  table  MASTRTBL(i) 
contains  bits  to  indicate  whether  or  not  own-site  becomes  the 
master  site  upon  the  failure  of  site  (i).  if  Own-site  becomes 
Master  for  more  than  one  neighbor's  failure  (but  always  one  at  a 
time),  another  table  CTRTBL(i)  stores  the  map  vertices  for  the 
center  zone  areas.  ATARS  does  not  assume  a  remote  ATARS  failure 
when  a  communication  line  fails.  A  separate  register  keeps 
track  of  currently  connected  sites.  This  is  used  in  various 
places  in  the  logic. 

When  an  "operational  status"  indication  is  received  in  a  message 
from  a  previously  failed  ATARS,  the  Backup  Mode  Termination 
Process  is  executed.  This  routine  merely  reinstates  the  normal 
service  area,  and  resets  the  Backup  and  Master  flags.  It  is  not 
necessary  to  send  Conflict  Tables  to  the  recovered  site,  since 
that  site  should  be  able  to  immediately  read  down  aircraft 
RAR's,  and  may  request  Conflict  Tables  from  its  neighbors  over 
ground  lines.  When  the  (smaller)  normal  service  map  is 
reinstated,  aircraft  outside  this  map  will  be  dropped  from  ATARS 
service  in  the  normal  way,  just  as  if  they  had  flown  out  of  the 
service  zone. 
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17.3.1  Backup  ATARS  Service  Areas 


In  a  region  having  several  DABS  sensors  located  within 
reasonable  proximity,  some  flexibility  may  exist  in  drawing  the 
ATARS  map  boundaries.  The  choice  of  boundaries  will  take  into 
account  geographical  coverage,  terrain  features  and  the  expected 
traffic  load  for  the  sensors.  Upon  the  failure  of  one  ATARS 
site,  other  sensors  with  overlapping  coverage  may  be  capable  of 
replacing  the  failed  ATARS.  If  the  failed  site  was  serving  a 
large  load  of  traffic,  no  single  neighbor  may  have  sufficient 
capacity  to  absorb  it  all.  Therefore,  a  better  strategy,  where 
geographic  coverage  and  terrain  features  permit,  is  to  divide 
the  failed  site's  service  area  among  several  neighbors. 

An  example  of  this  operation  is  depicted  in  Figure  17-1.  Here, 
when  the  site  with  ID  0010  fails,  its  two  neighbors  each  expand 
their  coverage  and  share  the  failed  site's  area.  The  two 
surviving  sites'  maps  should  provide  an  overlap  (seam)  of  the 
usual  width.  In  this  case,  no  "master"  site  or  "center”  zone 
(see  below)  is  required.  Both  surviving  sites  operate  normally, 
and  treat  newly  acquired  aircraft  in  their  expanded  service 
areas  in  the  same  manner  as  any  aircraft  which  has  just  entered 
the  normal  service  area.  Any  of  these  aircraft  having  RAR 
entries  created  by  the  failed  site  will  soon  have  them  released 
by  the  avionics  time  out. 

The  surviving  sites  may  not  be  connected  with  ground 
communications  lines.  In  this  case,  all  coordination  is 
performed  through  the  transponders  using  the  RAR  features,  as 
explained  in  Section  14.2. 

17.3.2  Master  Site 


In  certain  configurations  of  ATARS  sites,  the  simple  procedure 
described  above  cannot  be  used.  Since  only  four  distinct  ATARS 
ID's  are  assigned,  the  failure  of  an  ATARS  may  cause  two  sites 
assigned  the  same  ID  to  become  adjacent,  if  the  most  desirable 
backup  service  map  were  implemented.  Since  the  multi-site 
protocol  does  not  permit  this  condition,  several  alternatives 
are  available.  Using  another  neighbor  to  cover  the  failed  area 
may  be  feasible,  but  geographic  considerations  may  prohibit  this 
choice.  Leaving  a  coverage  gap  without  ATARS  is  very 
undesirable.  The  solution  implemented  in  this  design  is  to 
designate  one  of  the  surviving  sites  as  the  "Master”  site.  This 
should  be  the  site  with  the  best  geographical  coverage  of  the 
part  of  the  failed  area  that  separates  the  two  sites  having  the 
same  ATARS  ID.  The  master  site  then  continues  to  serve  its  own 
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SURVIVING  SITES  SHARE 
FAILED  SITE'S  AREA 


B)  COVERAGE  WHEN  SITE  0010  FAILS 


FIGURE  17-1 

EXAMPLE  OF  AREA  WHERE  CENTER  ZONE  NOT  USED 
FOR  BACKUP  COVERAGE 
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ATARS  area  using  its  own  ID,  and  also  serves  a  small  "center" 
zone  within  the  failed  site's  area,  borrowing  the  failed  site's 
ATARS  ID  to  send  to  aircraft  in  this  area.  This  is  illustrated 
in  Figure  17-2.  The  center  zone  should  be  made  small,  so  all 
sites  may  use  their  own  ID  in  as  large  an  area  as  possible,  but 
sites  with  like  ATARS  ID's  must  be  separated  by  more  than  the 
usual  seam  width. 

The  master  site  performs  an  extra  masking  (in  this  backup  mode) 
to  decide  which  of  the  aircraft  in  its  expanded  coverage  are  in 
the  center  zone  and  thus  are  to  receive  the  failed  site's  ID. 

The  master  site  still  uses  its  own  sensor  to  service  both  of  its 
areas,  sending  different  ATARS  ID's  to  aircraft  according  to 
their  location.  The  center  zone  is  mapped  to  have  the  usual 
overlap  (seam)  with  all  of  its  neighboring  sites  except  the 
master  site.  No  overlap  is  provided  between  Master’s  own  area 
and  its  center  zone.  The  master  ATARS  keeps  aircraft  in  both  of 
its  areas  in  the  same  data  base,  and  is  able  to  treat  the 
boundary  between  its  two  areas  as  "soft".  This  means  that  if  an 
aircraft  receiving  resolution  crosses  this  boundary,  the  master 
site  may  change  the  site  ID  sent  to  that  aircraft,  while 
continuing  to  send  the  other  ID  to  the  other  aircraft  until  it 
too  crosses  the  boundary. 

17.4  Pseudocode  for  Failure  Mode  Operation 


The  pseudocode  follows.  The  Remote  Function  Status  Routine  is 
called  from  the  Non-Surveillance  Message  Processing  Task.  Upon 
initiating  the  Backup  mode,  the  ID  of  the  failed  site  is  used  as 
an  index  to  the  tables  of  service  areas,  Master  status  flag 
settings,  and  Center  zones.  An  index  of  zero  is  used  for  the 
Normal  mode  of  operation. 
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»  COVEEAGE  VHtd  SITE  OOIO  MILS.  dASTEE  SITE  USES  FAILED 
SITE'S  ID  Id  CEdTEE  ZOdE 


FIGURE  17-2 

EXAMPLE  OF  AREA  WHERE  CENTER  ZONE  IS  USED 
FOR  BACKUP  COVERAGE 


PSEUDOCODE  TABLE  OF  CONTESTS 


BACEDP  SODS  LOW-LS7SL  LOGIC . 

BOOTIES  RESOTS_rONCTION_ST»TnS  .  . 
PROCESS  backap_»ode_ter«ination 
PROCESS  backup_»ode_ini*iation 
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ROOTISE  R!HOTE_fOHCTIOII_STITOS 

IS  (status  iessage  froa  reaote  ATARS,  local  DIBS) 

HOOT  (Haster  flag.  Backup  flag,  service  sap,  state  vectors,  conflict  tables); 

If  (asg  says  reaote  ATARS  is  operational) 

THIS  If  (this  reaote  ATARS  »as  failed) 

THBI  PBRfORH  backup_aode_teraination; 

ELSEIf  (asg  says  reaote  ATARS  has  failed) 

THEH  If  (0*0  atars  not  in  Backup  aode) 

THEH  PBRfORH  backop_aode_initiation ; 

<note  this  logic  only  handles  one  site  failure  at  a  tiae> 
flSEII  (asg  says  reaote  site  link  failed/recovered) 

THIS  Opdate  connected  site  register; 

IlSIIf  (asg  says  o*n  DUBS  not  operational) 

'"HIH  Halt  own  ATARS  processing; 

loop; 

EXITlf  (startup  asg  received  froa  DABS) ; 

EHD100P: 

OTHERWISE:  <own  DABS  0K> 

°WD  REHO»I_fOHCTIOS_STATOS; 


BICHOP  HODE  HIGH-LEVEL  LOGIC 
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ROQTIilj  RBSOTB_PUBCT101I_ST1TOS 

XI  (status  aessage  froa  raaota  ATA15,  local  DABS) 

ISOOT  (STSTAP,  state  sectors,  conflict  tables); 

XX  (asg  says  reaote  ATARS  Is  operational) 

THPR  Xi  (SYST1R.PAILED  52  this  reaote  site) 

T3BR  PERf OBH  backnp_eode_ieraination; 

SISEIf  (asg  says  raaota  ATARS  has  failed) 

THBB  XI  (STSTAP.  BACKUP  not  Sat) 

THBB  STSf AH. PAXLED>f ailed  site.ID; 

PEBPORH  backap_aode_ initiation; 

<no*e  this  logic  only  handles  one  site  failnre  at  a  tiae> 
axixi  c  asg  says  resote  site  link  f  ailed/recosered) 

T3SB  Se‘  connected  site  bit  to  status  indicated  in  asg 
BLSTIB  (nso  says  own  DABS  not  operational) 

THBB  Balt  own  ATARS  processing; 

122£; 

BIITIT  (startup  asg  received  froa  DABS) ; 

EHP1QCP: 

OTHERBI SB:  <0«n  DABS  OK> 

EHp  R!SOTE_PUHCTIOH_STATOS; 


SACKOP  BODE  lOI-LBt  Et,  LOGIC 
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PROCESS  back up_»ode_ter*inat ion 

Acti»s»e  noraal  ATARS  ser*ice  aap; 
Deactizate  Center  zone  lap; 

CLEA R  Raster  flag; 

CLEAR  Backup  flag; 

END  backup_aode_terainatlon: 


BACKUP  ROB*  BIOH-LSPEL  LOGIC 
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PROCESS  bactcap_Boda_taralna*-lon 

STSTAR.FAItED«0; 

STSTAP.  SAPPTH»SYSTEB..HAPTBt{0)  ;  <raacti?ata  normal  ATARS  saraica  aao> 
ST ST  AH. CTSPTR»SBULL; 

CLEAR  STST 18. HASTES; 

CLEAR  STSTAR. BACKUP; 

EBP  bacltop_Boaa_*.«ralnation; 


i 

! 

i 


i ) 

- -  BACKUP  BOOB  LOB-LEYEl  LOSTC 

t7-P5 


* 
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PBOCBSS  backnp_aode_initiation 

Set  Backup  flag,  Paster  flag  if  required  for  this  site  failure 
H  (Paster  flag  set) 

TBBH  Activate  Center  rone  tap  for  this  failure; 

Ac»i»ate  backup  AT18S  service  sap  for  this  failure; 

8!P»AT  8HIL E  (aore  pair  records  shoeing  failed  site  in  charge) 
select  next  pair  record; 

IP  (state  sectors  exist  for  both  aircraft) 

TBBP  ct PAS  failed  site's  bit  in  SEOG  of  both  aircraf 
Set  handoff  bit  in  pair  record: 

Ttst  CALL  PAIR_B!COHO_D!1PTIOS: 

PSDBPPSAT; 


PSP  backup_aode_initiatiou; 


B ACSOP  BOO!  «IQH-l!TBt  LOGIC 
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PROCESS  bade np_sode_initiation 

SET  STS7XR.BXCK0P; 

STSVXR. SXSTER=STSTEH.NXSTRTBL (STS7XP. EXILED) ; 

IP  (STSTXR.BXSTER  Efl  JTBOE) 

THEM  SYS7XR.CTRPTE=STSTEB.CTRTBL(STSVXR. EXILED)  ; 

<activate  Center  zone  aap  for  this  failnre> 

SrST*R. BXPPTR*STSTSH.BXPT8L(STST1R.  EXILED) : 

<activate  service  aap  for  this  failnre> 

REPE XT  BHILE  (aore  pair  records  aith  XTSID  J2  failed  site)  ; 

Selec*  next  PREC: 

IE  (state  vectors  exist  for  both  PPEC.PXCI  and  PREC.PXC2) 

THEN  CL  EXE  failed  site's  bit  in  STECT.GEOG  of  both  aircraf 
SET  PHEC.HDOEE: 

ELSE  CXLL  PXIH_RECOEO_OELETIOR 
U  (PREC) 

INOOT  (confl.  table,  state  vectors); 

EBDPEPEXT: 

END  bacX<ip_sode_initia*ion; 


BXCKDP  BODE  LOB-LET  El  LOGIC 


18.  PERFORMANCE  MONITOR 


This  section  develops  functional  requirements  for  the  Status 
Monitoring  and  Reporting  (SMR)  Function  of  ATARS.  The  ATARS  SMR 
provides  start  and  stop  control  indication  to  the  local  ATARS 
function  executive  processing  routine.  In  addition  the  SMR 
monitors  the  status  of  the  various  functional  modules,  buffers 
and  files  of  ATARS.  The  SMR  constructs  and  transmits  messages 
indicating  the  status  of  ATARS. 

These  messages  are  routed  to  the  ATARS  Non-surveillance  Buffer. 
The  DABS  Performance  Monitor  reads  these  messages  to  determine 
the  local  ATARS  status.  The  DABS  Performance  Monitor  also 
transmits  these  messages  to  NAS  facilities  (ATC,  RMM)  and  clears 
the  buffer  once  a  scan. 

The  Status  Messages  sent  to  DABS  have  limited  capacity  for 
failure  reporting.  If  the  reportable  status  conditions  exceed 
this  capacity  then  an  indication  of  this  condition  is  sent  in 
the  message.  In  accordance  with  this  the  SMR  is  also  capable  of 
transmitting  a  complete  list  of  status  conditions  to  a 
requesting  NAS  facility  via  the  ATC  Coordination  Buffer. 

The  following  paragraphs  describe  the  inputs,  processing 
function,  and  outputs  of  the  ATARS  SMR. 

18.1  Status  Monitoring  and  Reporting  Function  Inputs 

DABS  Status 


The  local  DABS  sensor  status  as  determined  by  the  DABS 
Performance  Monitor  is  reported  (Status  Message)  to  the  SMR  via 
the  Non-surveillance  Buffer.  This  status  will  allow  the  SMR  to 
control  ATARS  operation  depending  on  the  operational  status  of 
the  local  DABS  sensor.  This  message  may  also  report  adjacent 
ATARS  or  sensor  status.  Logic  for  such  reports  is  contained  in 
Section  17. 

ATARS  Functional  Failure  Conditions 


These  inputs  consist  of  various  failure  indicators  from  the 
functional  modules  of  ATARS.  These  failure  Indicators  indicate 
memory  utilization  failure,  processing  truncation,  and  software 
failures. 
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Memory  Utilization  Failure  Indication 


There  are  three  catagories  of  failure  indicators  for  memory 
utilization.  These  are:  output  buffer  overflow,  file  more 
than  90%  full,  and  no  more  space  in  file.  These  are  described 
below. 

Output  Buffer  Overflow 


This  condition  is  reported  for  all  ATARS  buffers  (see  Figure 
3-3)  and  specifies  the  applicable  buffer. 

File  More  than  90%  Full 


The  SMR  monitors  the  degree  of  ATARS  file  utilization  and 
reports  any  condition  of  over  90  percent  full  for  the  following 
files : 

1.  Central  Track  Store 

2.  Conflict  Tables 

3.  PWILST'a 

4.  Encounter  Lists 

No  More  Space  in  File 

This  condition  is  reported  for  the  same  files  listed  in 
paragraph  above. 

Processing  Truncation 


The  ATARS  executive  program  reports  any  occurrence  of  an  ATARS 
task  being  truncated  due  to  a  processing  timing  deadline.  The 
report  identifies  the  task  and  the  sector  of  data  for  which 
processing  was  truncated. 

Software  Failures 


This  condition  is  unusual  and  is  detected  with  the  use  of 
sector  flags  or  other  suitable  indicator.  The  indicator  shall 
be  set  by  each  of  the  ATARS  functions  when  reporting  their 
status  for  the  SMR.  When  the  SMR  reads  the  status  each  scan  it 
updates  this  indicator.  If  the  SMR  finds  any  indicator  not 
properly  updated,  a  failure  is  declared. 

Request  Full  ATARS  Status  Control  Message 

This  message  from  NAS  to  ATARS  controls  ATARS  SMR  reporting. 

The  format  is  contained  in  Reference  8. 
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This  message  is  processed  by  the  SMR  as  described  in  Section 
18.2.  The  following  sections  describe  the  control  field  in 
this  message. 

Field  CTLTX 


This  two  bit  field  is  for  transmission  control  of  all  active 
condition  codes  to  a  requesting  NAS  facility.  The  interpreta¬ 
tion  is  as  follows: 

00  =  transmit  all  condition  codes  for  one  scan 
01  -  transmit  all  condition  codes  repeatedly  for  NSMR  scans 
(a  system  parameter)  unless  told  to  stop 

10  -  stop  transmission  of  all  condition  codes 

11  =*  not  used 

18.2  Status  Monitoring  and  Reporting  Function  Processing 

This  section  describes  the  processing  tasks  to  be  performed  by 
the  SMR. 

18.2.1  Local  ATARS  Processing  Control 


The  SMR  controls  the  commencement  and  cessation  of  local  ATARS 
processing  under  the  following  conditions. 

1.  DABS/ ATARS  local  sensor  start  up:  (Reference  1) 

a.  Cold  start 

b.  Warm  start 

2.  Failure  of  the  DABS  portion  of  the  local  sensor 

3.  Failure  of  the  ATARS  portion  of  the  local  sensor 

Commencement  of  ATARS  activity  will  occur  under  item  1  above 
when  all  the  ATARS  functions  have  begun  to  set  their  software 
failure  check  indicators. 

Cessation  of  ATARS  activity  will  occur  for  items  2  and  3  above. 
An  ATARS  failure  will  be  declared  after  one  scan  of  operation 
with  a  red  condition  Indicator  if  the  red  condition  is  not 
cleared . 


18.2.2  Message  Generation  and  Processing 

The  ATARS  SMR  processes  the  indicators  and  control  message 
decribed  in  Section  18.1.  Two  outputs  are  constructed  in  each 
scan  (see  Reference  1): 
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1.  ATARS  Status  Message  to  sensor.  This  message  is  used 
to  notify  the  sensor  of  the  operation  or  failure  of  the 
local  ATARS  function.  The  sensor  is  expected  to 
utilize  this  data  in  its  Status  Message  sent  to 
adjacent  ATARS  functions. 

2.  ATARS  Status  Message  to  ATC.  This  output  is  one  of  the 
three  types  of  messages  listed  below.  Their  formats 
are  defined  in  Reference  8,  with  additional  detail  in 
Section  18.3  below.  These  messages  convey  to  ATC  a 
more  detailed  description  of  the  local  ATARS  status. 

The  messages  are: 

ATARS  Green  Condition 
ATARS  Yellow  Condition  Codes 
ATARS  Red  Condition  Codes 

These  messages  may  be  read  by  a  local  Status  Monitor 
Display  for  the  sensor. 

The  ATARS  SMR  maintains  a  current  determination  of  the  local 
ATARS  status.  This  status  may  be  classified  as  "Green"  (normal 
operation),  "Yellow"  (marginal  operation),  or  "Red"  (Failed). 

The  ATARS  status  flag  shall  be  reported  as  "normal  operation" 
when  the  local  status  is  Green  or  Yellow,  and  as  "failed”  when 
the  local  status  is  Red  (see  Section  18.3.3). 

The  categories  of  indicators  and  assigned  number  of  scans  of 
consecutive  occurrences  to  produce  a  Yellow  or  Red  status 
condition  are  listed  below: 

NUMBER  OF 
SCANS  TO 

CATEGORY  DECLARE  STATUS 

Yellow  Red 

1.  Output  Buffer  Overflow  (each  buffer)  2 

2.  File  90%  Full  (each  file)  2 

3.  No  Space  on  File  (each  file)  1  2 

A.  Processing  Truncation  (each  task)  1 

5.  Software  Failures  (each  task)  1  2 

Also,  if  two  or  more  files  are  full  in  one  scan,  Red  status  is 
declared . 
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The  SMR  shall  construct  a  list  of  active  Yellow  and  Red 
condition  codes.  These  codes  Identify  all  buffers,  files, 
tasks,  and  services  which  meet  an  Identified  failure  condition, 
and  specify  the  failure  condition  for  each. 

If  none  of  the  above  categories  of  Indicators  have  occurred, 
then  the  local  status  is  Green.  If  any  Red  condition  has 
occurred,  the  local  ATARS  status  is  Red.  If  no  Red  condition 
has  occurred,  but  any  Yellow  condition  has  occurred,  the  local 
ATARS  status  is  Yellow. 

The  ATARS  Status  Message  to  ATC  shall  be  determined  from  Table 
18-1.  The  following  paragraphs  describe  these  messages  and 
specify  the  processing  to  be  performed  when  the  number  of  active 
condition  codes  exceeds  the  number  of  available  fields  in  the 
indicated  mesage. 

ATARS  Green  Condition  Message 

The  Green  condition  implies  ATARS  is  fully  operational. 

ATARS  Yellow  Condition  Codes  Message 

This  Yellow  condition  is  a  warning  that  ATARS  is  functioning  at 
a  reduced  service  level.  The  Yellow  Condition  Codes  Message, 
with  field  ALL  ■  0,  may  specify  up  to  25  Yellow  condition 
codes.  These  condition  codes  describe  specifically  how  ATARS  is 
operating  at  a  reduced  level. 

If  there  are  more  than  25  Yellow  condition  codes  active,  the 
Last  Condition  Code  Message/Overflow  (LM/OVF)  flag  is  set  in  the 
message.  The  monitoring  facilities  (ATC,  RMM)  may  request  full 
status  reporting  using  the  message  specified  in  Section  18.1. 

The  SMR  performs  the  requested  action  in  the  message. 

ATARS  Red  Condition  Codes  Message 

The  Red  condition  indicates  some  portion  of  the  ATARS  software 
has  failed.  After  the  detection  of  this  code  the  SMR  halts 
local  ATARS  processing  according  to  the  rules  in  Section 
18.2.1.  However,  the  SMR  continues  to  transmit  upon  request  any 
existing  Yellow  condition  codes  as  well  as  the  Red  condition 
codes  which  were  active  as  of  the  time  of  shut  down. 
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TABLE  18-1 


SELECTION  OF  STATUS  MESSAGE  TO  ATC 


LOCAL  ATARS  STATUS 

ALL  CODES 
REQUEST  STATUS 

MESSAGE  SENT 

Green 

Any 

ATARS  Green  Condition 

Yellow 

Yes 

ATARS  Yellow  Condition  Codes 
(field  ALL  -  1) 

Yellow 

No 

ATARS  Yellow  Condition  Codes 
(field  ALL  -  0) 

Red 

Yes 

ATARS  Red  Condition  Codes 
(field  ALL  -  1) 

Red 

No 

ATARS  Red  Condition  Codes 
(field  ALL  -  0) 
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If  there  are  more  than  five  Red  condition  codes  active,  or  any 
Yellow  condition  codes  in  addition  to  the  Red  condition  codes, 
the  LM/OVF  flag  is  set  in  the  Red  Condition  Codes  Message.  ATC 
must  request  all  condition  codes  in  this  case  to  be  sent  any 
Yellow  codes.  Yellow  codes  would  be  sent  in  a  separate  message, 
even  if  the  Red  Condition  Codes  Message  had  unused  fields. 

18.2.3  Request  Full  ATARS  Status  Control  Message  Processing 


The  actions  to  be  taken  by  the  SMR  upon  the  receipt  of  this 
message  depend  on  the  specified  transmission  control  (see  Field 
CTLTX,  Section  18.1)  as  follows: 

Transmit  All  Condition  Codes  for  One  Scan 


The  SMR  transmits  to  the  requesting  facility  all  the  currently 
active  condition  codes  (Red  and  Yellow)  using  as  many  messages  as 
necessary.  If  there  are  none,  the  ATARS  Green  Condition  Message 
is  sent.  The  SMR  uses  the  appropriate  condition  codes  messages 
(field  ALL  «■  1)  for  Red  or  Yellow  codes.  Each  message  specifies 
up  to  50  condition  codes.  As  many  messages  shall  be  transmitted 
as  are  needed  to  transmit  all  active  condition  codes.  The  Last 
Condition  Code  Message/Overflow  bit  is  set  in  the  last  Red  or 
Yellow  code  message. 

Transmit  All  Condition  Codes  Continuously 


Yellow  and  Red  codes  active  during  a  scan  are  transmitted  once  a 
scan  for  as  many  scans  as  they  exist,  for  a  maximum  of  NSMR 
scans,  with  NSMR  a  site  adaptable  ATARS  parameter.  After  NSMR 
scans,  the  "All  Codes  Request  Status"  for  the  requesting  facility 
is  reset  until  a  new  request  is  received.  If  there  are  no  Yellow 
or  Red  codes  active  at  the  time  of  receipt,  the  ATARS  Green 
Condition  Message  is  sent  only  once  and  the  "All  Codes  Request 
Status”  is  immediately  reset.  If,  prior  to  NSMR  scans,  all 
Yellow  or  Red  condition  codes  revert  to  Green,  the  ATARS  Green 
Condition  Message  is  sent  once  and  the  "All  Codes  Request  Status" 
is  immediately  reset  for  each  requesting  facility. 

Stop  Continuous  Transmission  of  All  Codes 

When  the  SMR  has  been  transmitting  all  condition  codes 
continuously,  this  message  resets  the  "All  Codes  Request  Status" 
for  the  requesting  facility.  Otherwise  the  SMR  ignores  the 

message . 
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18.3  Status  Monitoring  and  Reporting  Function  Outputs 

The  outputs  of  SMR  processing  consist  of  the  control  messages  to 
allow  commencement  or  cessation  of  local  ATARS  processing,  and 
the  messages  listed  In  Section  18.2.2.  The  following  paragraphs 
supplement  Reference  8,  to  define  the  contents  of  the  message 
fields. 

18.3.1  Fields  In  Output  Messages 
Field  ALL 


When  this  bit,  All  Condition  Codes  Tranmlsslon,  Is  set  to  1,  the 
message  Is  part  of  a  group  (one  or  more)  of  messages  containing 
all  active  ATARS  Yellow  or  Red  condition  codes.  When  set  to  0, 
only  one  ATARS  Yellow  or  Red  Condition  Codes  Message  is  being 
transmitted.  The  existence  of  any  untransmitted  condition  codes 
is  indicated  by  the  Last  Condition  Code  Message /Overflow  (LM/OVF) 
field  defined  below. 

Field  LM/OVF 


This  bit,  Last  Condition  Code  Message/Overf low,  has  a  dual 
purpose  depending  on  the  value  of  the  field  ALL,  described  above. 

When  ALL  “  0,  this  bit  is  interpreted  as  the  overflow  Indicator 
bit  for  ATARS  Yellow  and  Red  Condition  Codes  Messages.  LM/OVF 
set  to  1  indicates  more  condition  codes  are  currently  active  than 
are  being  transmitted  in  a  single  message.  The  maximum  number  of 
Yellow  and  Red  condition  codes  that  can  be  transmitted  under  this 
setting  of  ALL  ■  0  is  25  and  5  respectively. 

When  ALL  *  1,  this  bit  is  interpreted  as  the  last  condition  code 
message  indicator  flag  and  is  set  to  1  in  the  last  (of  one  or 
more)  condition  codes  message.  This,  when  combined  with  the 
field  ALL,  allows  transmission  of  all  active  condition  codes  when 
more  than  one  message  is  required. 

Field  flAY 

This  field,  used  in  the  Yellow  Condition  Codes  Message,  is  a 
binary  integer  indicating  the  number  of  Yellow  condition  codes 
contained  in  the  message.  This  number  is  a  maximum  of  25  when 
field  ALL  ■  0,  and  a  maximum  of  50  when  field  ALL  ■  1. 
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Field  AY ( 1 ) . . .AY(n) 


These  fields  contain  the  Yellow  condition  codes  as  defined  in 
Section  18.3.2.  These  fields  are  sorted  from  lowest  to  highest 
binary  value,  the  lower  value  codes  being  transmitted  first. 

Field  //AR 


This  field,  used  in  the  Red  Condition  Codes  Message,  is  a  binary 
integer  Indicating  the  number  of  Red  condition  codes  contained  in 
the  message.  This  number  is  a  maximum  of  5  when  field  ALL  -  0 
and  a  maximum  of  50  when  field  ALL  *  1. 

Fields  AR(l)...AR(n) 


These  fields  contain  the  Red  condition  codes  and  are  defined  in 
Section  18.3.2.  These  fields  shall  be  sorted  from  lowest  to 
highest  binary  value,  the  lower  value  codes  transmitted  first. 

18.3.2  Formats  of  Condition  Codes 


The  general  format  of  the  condition  codes  is  as  follows: 

CATEGORY  CONTENT 

6  16 

The  assigned  categories  and  formats  are  described  in  the 
following  paragraphs.  Each  condition  code  may  be  used  as  a 
Yellow  or  Red  code  in  the  message  fields  listed  in  Section 
18.3.1.  The  placement  in  the  proper  message  corresponds  to  the 
status  determination  described  in  Section  18.2. 

The  formats  of  the  condition  codes  for  each  assigned  category  are 
as  follows: 


OUTPUT  BUFFER  OVERFLOW 


000100 

SP 

BUFFER 

6 

8 

16 

FILE  MORE  THAN 

90%  FULL 

000110 

SP 

FILE 

(4 

8 

16 

NO  MORE 

SPACE 

IN  FILE 
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000101  SP  FILE 


- 5 — s - nr 

PROCESSING  TRUNCATION 

000010  SECTOR  FUNCTION 

6  10  16 

SOFTWARE  FAILURES 

000001  SP  FUNCTION 

S  To  IF 

Field  BUFFER 


This  field  Identifies  a  buffer  of  concern  as  follows: 


Coding  Buffer 


0000 

0001 

ATARS-ATARS  Coordination  Buffer 

0000 

0010 

Uplink  Message  Buffer 

0000 

0011 

Non-surveillance  Buffer 

0000 

0100 

ATC  Coordination  Buffer 

0000 

0101 

RAR  Buffer 

0000 

0110 

Surveillance  Buffer 

Field 

FILE 

This 

field 

Identifies 

an  ATARS  file  as  follows: 

Cod 1 ng 

File 

0000 

0001 

Central  Track  Store 

0000 

0010 

Conflict  Tables 

0000 

0011 

PWILST's 

0000 

0100 

Encounter  Lists 

0000 

0101 

ATARS  Sector  Lists 

0000 

0110 

X/EX  Lists 

0000 

0111 

Potential  Pair  List 

0000 

1000 

Resolution  Pair  Acknowledgement 

0000 

1001 

Controller  Alert  List 

0000 

1010 

Deletion  List 
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Field  SECTOR 

This  4-bit  field  ide:  ;ifies  an  ATARS  sector  of  data  which  was  not 
fully  processed. 

Note:  Each  sector  of  data  that  is  not  fully  processed  shall  be 
separately  Identified  by  an  active  condition  code. 

Field  FUNCTION 


This  field  identifies  a  function  of  ATARS  in  a  condition  code. 
The  values  and  associated  functions  are  as  follows: 

VALUE  FUNCTION 


000 

001 

Master  Resolution  (Normal)  Task 

000 

010 

Master  Resolution  (Delayed)  Task 

000 

Oil 

Data  Link  Message  Construction  Task 

000 

100 

Coarse  Screen  Task 

000 

101 

Traffic  Advisory  Task 

000 

110 

RAR  Processing  Task 

000 

111 

Aircraft  Update  Processing  Task 

001 

000 

Track  Processing  Task 

001 

001 

Seam  Pair  Task 

001 

010 

Detect  Task 

001 

on 

Conflict  Pair  Cleanup  Task 

001 

100 

State  Vector  Deletion  Task 

001 

101 

Request  and  Process  Remote  Conflict 
Tables  Task 

001 

no 

Conflict  Resolution  Data  Task 

001 

111 

Resolution  Notification  Task 

010 

000 

Incoming  Seam  Pair  Request  Processing 
and  Reply  Task 

010 

001 

Surveillance  Report  Processing  Task 

010 

010 

Non-surveillance  Message  Processing  Task 

010 

Oil 

New  Aircraft  Processing  Task 

010 

100 

Terrain/Airspace/Obstacle  Avoidance  Task 

010 

101 

Resolution  Deletion  Task 

18.3.3  ATARS  Normal  Operation/Failure  Flag 


This  flag  in  the  ATARS  Status  Message  to  the  sensor  is  used  by 
the  DABS  Performance  Monitor  in  the  DABS  Status  Message  described 
in  Reference  8.  The  SMR  transmits  this  bit  according  to  the 
following  rules: 
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Bit  =  1 


Bit  =  0 


This  setting  is  used  when  the  SMR  has 
declared  local  ATARS  status  to  be  Green 
or  Yellow. 

This  setting  is  used  when  the  SMR  has 
declared  local  ATARS  status  to  be  Red 
(Failed) . 
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19.  DATA  EXTRACTION  FUNCTION 


The  purpose  of  the  Data  Extraction  Function  of  ATARS  is 
threefold:  to  provide  the  capability  to  conduct  detailed 
analysis  of  conflict  scenarios,  to  locate  and  correct  erroneous 
code  (debug),  and  to  serve  as  an  operations  log  recording 
Important  events  within  ATARS.  A  well  designed  data  extraction 
capability  for  conflict  scenario  analysis  should  be  able  to 
Incorporate  the  needs  of  the  remaining  two  functions. 

19.1  Information  Recorded 


The  information  required  for  analysis  Is  (1)  the  results  of 
Important  calculations,  such  as  TH  and  TV,  and  (2)  the  logic 
paths  taken  within  ATARS.  Table  19-1  gives  the  parameters  to  be 
saved  on  a  scan-by-scan  basis  for  off-line  analysis.  Table  19-2 
lists  the  logic  paths  taken  in  the  code  to  be  recorded.  The  path 
checkpoints  are  an  attempt  to  give  in  summary  the  reason  for  a 
particular  ATARS  action,  without  the  detailed  decision  process 
explicitly  documented.  For  example,  if  an  immediate  resolution 
advisory  is  requested  by  the  Detect  Task,  one  wants  to  know  which 
of  the  seven  ways  this  can  happen.  A  possible  implementation  is 
to  have  a  variable  with  eight  values,  indicating  how  the 
immediate  RA  was  generated  or  set  to  zero  indicating  no  action 
through  these  paths  occurred. 

Recording  of  all  the  information  in  Tables  19-1  and  19-2  at  all 
times  would  be  very  cumbersome  and  perhaps  affect  the  efficiency 
of  the  ATARS.  So  a  selection  control  function  is  required  to 
reduce  the  information  extracted  as  described.  Table  19-3 
defines  the  allowable  options  for  extracting  datA.  Whenever  data 
is  to  be  saved,  l.e.,  removed  from  the  ATARS  system,  a  comparison 
is  made  to  see  if  it  corresponds  to  that  data  to  be  recorded  for 
the  particular  mode  specified  for  the  present  ATARS  configura¬ 
tion.  More  than  one  mode  can  be  specified.  Detect  Task  traffic 
advisory  operations  can  be  requested  with  Master  Resolution  Task 
operations,  for  example.  When  multiple  modes  are  specified,  it 
1 8  of  course  not  necessary  to  record  the  same  information  twice. 

Judicious  placement  of  the  selection  test  in  the  ATARS  code  can 
limit  the  amount  of  testing  done  for  extraction.  It  is  not 
necessary  to  test  for  possible  extraction  every  time  a  Detect 
Task  flag  is  set.  It  is  only  necessary  to  test  at  the  end  of 
detection  processing  for  a  flag  set  condition,  since  the  items 
being  saved  exist  until  this  point.  The  actual  time  or  location 
for  extraction  can  occur  in  many  places  and  is  not  specified. 

The  only  requirements  of  such  extraction  are  that  it  be  editable. 
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TABLE  19-1 


INFORMATION  INCLUDED  IN  DATA  EXTRACTION 


Aircraft  Description  Information 

1.  Aircraft  ID  -  DABS  ID  or  ATCRBS/Radar  code  with  surveillance 
file  number,  any  CREFX  entries  and  the  AC  abbreviated  field  in 
the  State  Vector  (ACAB) 

2.  Sector  Time  for  Aircraft  -  system  variable  TEN 

3.  ACLASS  -  ATARS  service  class,  as  In  State  Vector 

4.  CUNC  -  aircraft  control  state,  as  In  State  Vector 

5.  ATSEQ  -  equipage  type,  as  in  State  Vector 

6.  ACLP  -  aircraft  climb  performance,  as  in  State  Vector 

Tracking  Information 


7. 

HMS  -  from  State  Vector 

8. 

TURN  -  from  State  Vector 

9. 

Tracked  X,  Y,  Z  -  from  State  Vector 

10. 

Reported  range,  azimuth  and  mode  C  altitude  - 
DABS/ ATCRBS/Radar  data  block  in  State  Vector 

from 

11. 

Velocity  (XD,  YD,  ZD)  of  the  aircraft  -  as  In 

State  Vector 

12. 

LOFL  -  local  data  flag,  as  in  State  Vector 

13. 

RMFL  -  remote  data  flag,  as  in  State  Vector 

Detect  Information 


14.  ENAT  -  from  ELENTRY 

15.  DOT  -  from  ELENTRY 

16.  MD2  -  from  ELENTRY 

17.  RANGE2  -  from  ELENTRY 

18.  TH  -  from  ELENTRY 

19.  TV  -  from  ELENTRY 

20.  RZ  -  as  in  Detect  Task 

21.  VRZA  -  as  in  Detect  Task 

22.  MULT  -  as  in  Detect  Task 

23.  FAZ  -  from  State  Vector 

24.  AEEA  TYPES  for  both  AC  -  from  State  Vector 

25.  TCONV  -  as  in  Detect  Task 

26.  TCONH  -  as  in  Detect  Task 

27.  TFPWIV  -  as  in  Detect  Task 

28.  TFPWIH  -  as  in  Detect  Task 

29.  TCMDV  -  as  in  Detect  Task 

30.  TCMDH  -  as  in  Detect  Task 

31.  TFIFRV  -  as  in  Detect  Task 
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TABLE  19-1 
(Continued) 


32.  TFIFRH  -  as  In  Detect  Task 

33.  TIFRV  -  aa  In  Detect  Task 

34.  TIFRH  -  aa  In  Detect  Taak 

35.  ICAFLG  -  from  ELENTRY 

36.  CAFLG  -  from  ELENTRY 

37.  FPWFLG  -  from  ELENTRY 

38.  MTTFLG  -  from  ELENTRY 

39.  FPIFLG  -  from  ELENTRY 

40.  CMDFLG  -  from  ELENTRY 

41.  FPWFLG  -  from  ELENTRY 

42.  IFRFLG  -  from  ELENTRY 


Reaolution  Information 


43.  PSEP  matrices  (QSEP,  before  and  after  PSEP,  HMD,  VMDA,  VMDB)  - 
as  in  Master  Resolution  Task 

44.  Pair  Record  on  entry  to  RAER  -  as  in  Master  Resolution  Task 

45.  SNGDIM  -  as  in  Master  Resolution  Task 

46.  Conflict  Tables  -  as  in  Master  Resolution  Task 

47.  Feature  Evaluation  vs  Resolution  Advisory  Set  -  as  in  Master 
Resolution  Task 

48.  MANTM  -  as  in  Master  Resolution  Task  (Structure  MODVBL) 

Domino  Information 


49.  Coarse  Screen  Limits  -  as  in  domino  logic 

50.  Potential  Domino  Conflict  List  -  as  in  domino  logic 

51.  Resolution  Advisory  Projected  Position  Table  -  as  in  domino 
logic 

Multi-aircraft  Logic  Information 

52.  PSEP  matrices  -  as  specified  in  multi-aircraft  logic  (not  the 
same  as  43) 

53.  Resolution  Advisory  vs  Feature  Evaluation  Table  -  as  specified 
in  multi-aircraft  logic  (not  the  same  as  44) 

54.  Conflict  Tables  -  as  specified  in  multi-aircraft  logic 

55.  Pair  Records  -  as  specified  in  multi-aircraft  logic 

Terrain  Airspace  Obstacle  Avoidance  Information 

56.  TALRT  -  as  in  Structure  TAO 

57.  OALRT  -  as  in  Structure  TAO 

58.  TCALRT  -  as  in  Structure  TAO 
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TABLE  19-1 
(Concluded) 


Controller  Alert  Task  Information 

59.  RALRT  -  as  In  Structure  TAO 

60.  Conflict  Resolution  Data  Message  -  as  in  Table  11-1 

61.  Resolution  Notification  Message  -  as  in  Table  11-2 
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TABLE  19-2 


LOGIC  PATH  CHECKPOINTS 


Detect  Controller  Alert  Paths 


ICAFLG  Is  set  (i.e.,  bypass  3/5  requirement)  because: 

1.  Immediate  range  and  Immediate  altitude  Is  satisfied  for  FAZ 
(In  controller  alert_determination)-*- 

2.  HPROX  and  VPROX  satisfied  (ibid) 

3.  Dangerous  maneuver  detected  (ibid) 


CAFLG  is  not  set  because: 

1.  Prefiltering  DOT  test  failed  (in  ac_converging_or_proximate_) 

2.  Prefiltering  horizontal  test  failed  (ibid) 

3.  Prefiltering  vertical  test  failed  (ibid) 

4.  Controller  alert  inhibited,  CAREQ  not  set  (in  controller_alert 
determination) 

5.  Failed  horizontal  tests  (ibid) 

6.  Failed  vertical  tests  (ibid) 

7.  Failed  miss  distance  test  (ibid) 

Detect  Resolution  Advisory  Paths 


b.  MTTFLG  is  set  (i.e.,  bypass  2/3  requirement)  because: 

1.  HPROX  and  VPROX  set  (in  proximity_checks) 

2.  TH  below  threshold  and  VPROX  (ibid) 

3.  HPROX  set  and  TV  below  threshold  (ibid) 

4.  TH  and  TV  below  thresholds  (ibid) 

5.  Dangerous  maneuver  detected  (in  maneuvering_threat_logic) 

c.  CMDFLG  is  not  set  because: 

1.  Prefiltering  failed  (in  ac_converging_or_proximate) 

2.  Failed  horizontal  tests  for  threat  advisory  (in  THREAT_TAU_AND 
PROXIMITY_COMP ARISON 3 

3.  Failed  vertical  tests  for  threat  advisory  (ibid) 

4.  Failed  miss  distance  tests  for  threat  advisory  in  (ibid) 

5.  Failed  horizontal  tests  for  resolution  advisory  (in  RESOLUTION 
TAU  AND_PROXIMITY_COMP ARISONS ) 

6.  FaiTed  vertical  tests  for  resolution  advisory  (ibid) 

7.  Failed  vertical  divergence  filter  (ibid) 
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TABLE  19-2 
(Concluded) 


d.  IFRFLG  not  set  because: 

1.  Prefiltering  failed  (in  ac_converging_or_proximate) 

2.  Failed  horizontal  tests  for  threat  advisory  (in  THREAT_TAU_AND 
PROXIMITY_COMP ARISONS) 

3.  Failed  vertical  tests  for  threat  advisory  (ibid) 

4.  Failed  miss  distance  tests  for  threat  advisory  (ibid) 

5.  Failed  horizontal  tests  for  resolution  advisory  (in  RESOLUTION 
TAU_AND_PROXIMITY_COMP ARISONS) 

6.  Failed  vertical  tests  for  resolution  advisory  (Ibid) 

7.  Failed  vertical  divergence  filter  (ibid) 


e . 


The  resolution  advisory  origin  was: 

1.  Initial  resolution  selection  caused  call  to  RAER 

2.  Initial  resolution  selection  for  IFR  (VFR  resolution 
previously  selected)  caused  call  to  RAER 

3.  Positive  horizontal  to  negative  transition  caused  call  to  RAER 

4.  Negative  horizontal  to  positive  transition  caused  call  to  RAER 

5.  Positive  vertical  to  negative  transition  caused  call  to  RAER 

6.  Negative  vertical  to  positive  transition  caused  call  to  RAER 

7.  Recomputation,  MD2  less  than  PMD,  caused  call  to  RAER 

8.  Recomputation,  ALT  less  than  PVMD,  caused  call  to  RAER 

9.  Model  validation  logic  caused  call  to  RAER 

10.  Negative  vertical  to  VSL  transition  (RAER  not  called) 

11.  Recalculation  of  Incompatible  resolution  advisories  caused 
call  to  RAER 

12.  Conflict  Resolution  Data  Task  called  RAER 


*The  capitalization  conforms  to  the  convention  used  in  the 
pseudocode,  where  process  names  are  all  lower  case  and  routine  names 
are  all  upper  case. 
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SELECTION  MODES  FOR  DATA  EXTRACTION 
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TABLE  19-3 
(  Cone luded ) 


for  efficiency  and  ease  of  use,  and  contain  all  information 
necessary  for  generation  of  the  Data  Analysis  Summary  Chart  or 
any  subset  of  the  chart.  This  form  is  discussed  in  Section 
19.3. 

19.2  Scope  of  Design  and  Application 

The  data  extraction  system  presented  has  minimal  impact  on  the 
ATARS  software.  The  data  is  "dumped  in  real  time”.  All 
information  required  to  decide  if  the  data  need  be  recorded  is 
available  at  the  time  for  recording  without  modification  to  the 
present  system.  An  apparent  limitation  of  the  design 
presented,  is  the  inability  to  record  at  all  times  why  a 
particular  flag  was  not  set  in  the  Detect  Task.  In  order  to  do 
this,  the  implications  would  be: 

1.  Record  every  time  a  flag  is  not  set. 

Disadvantage  -  Massive  data  handling  and  storage 
problems 

Advantages  -  Guaranteed  knowledge  of  reason  for 
condition  desisting 

-  Ability  to  generate  all  parts  of 
data  analysis  summary  chart 

2.  Record  whenever  flag  is  not  set  after  being  set  on 
previous  scans. 

Disadvantage  -  Information  must  be  made  available  from 
scan  to  scan  in  the  Detect  Task 

-  Global  memory  storage  required  on  a  per 
pair  basis 

Advantages  -  Guaranteed  knowledge  of  reason  for 
condition  desisting 

-  Ability  to  generate  all  parts  of 
data  analysis  summary  chart 

-  Introduction  of  global  scan-to-scan 
storage  for  decisions  would  allow  much 
more  sophisticated  data  extraction 
designs 

While  it  is  not  possible  to  guarantee  recording  of  the  reason 
for  "not  acting"  under  the  present  design,  it  is  possible  to 
arrange  the  edit  mode  options  to  cover  most  possibilities.  For 
example  the  data  analysis  summary  chart  requires  the  path 
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Information  in  Table  19-2  items  c  and  d,  i.e,  why  is  ATARS  not 
giving  a  resolution  advisory?  Requesting  mode  4  will  record 
path  information  whenever  the  PWIFLG  is  set.  Under  normal 
conditions  a  resolution  advisory  will  be  requested  after  the 
PWIFLG  is  set  and  end  before  the  PWIFLG  goes  off.  Therefore, 
the  resolution  advisory  path  information  is  available  for 
recording  and  analysis  with  mode  4.  It  is  for  this  reason  that 
modes  4,  5,  and  6  record  the  same  information  but  are  initiated 
by  different  events. 

Table  19-4  gives  the  intended  use  of  the  mode  option  in 
recording  information. 

19.3  The  Data  Analysis  Summary  Chart 


An  example  of  the  data  analysis  chart  is  depicted  in  Figure 
19-1.  Values  are  provided  only  to  illustrate  the  use  and 
meaning  of  the  various  data  items.  This  format  and  content 
have  proven  to  be  most  satisfactory  in  studying  aircraft 
encounters.  Any  encounter  summaries  generated  from  the  ATARS 
using  the  specified  data  extraction  techniques  will  be  in  this 
format.  Notice  that  the  data  is  only  for  one  aircraft  pair  for 
the  duration  of  an  encounter.  The  extraction  task  is  recording 
information  for  many  encounter  pairs  on  a  scan-by-scan  basis. 

A  formatting  program  must  first  sort  the  recorded  information 
by  aircraft  ID's.  The  scan-by-scan  sequence  can  be  attained  by 
maintaining  the  exact  sequence  of  the  dump  for  aircraft  and 
labelling  each  new  recording  of  the  same  data  item  as  a  new 
scan.  Alternately,  the  time  recorded  with  each  extracted  data 
unit,  can  serve  as  a  scan  organization  key. 

19.3.1  The  Data  Analysis  Summary  Chart  Contents 


The  analysis  chart  has  five  sections.  These  sections  are 
denoted  by  the  right  hand  margin  numerals  In  Figure  19-1.  The 
first  is  an  initial  conditions  section,  which  identifies  the 
ATARS  site,  the  ATARS  program  release,  and  the  aircraft  state 
(controller  state,  equipment,  ATARS  service  state,  location, 
altitude,  heading,  speed  and  vertical  rate  of  each  aircraft)  as 
defined  in  the  first  scan  of  information.  This  first  section 
is  displayed  in  two  parts,  the  site  name,  program  release,  date 
and  aircraft  identities  appearing  on  every  page  of  the  form, 
the  aircraft  state  only  appearing  once  at  the  beginning  of  the 
chart.  The  second  section  is  a  scan-by-scan  summary  of  ATARS 
messages  and  the  basic  conditions  causing  the  generation  of 
these  messages.  The  duration  of  this  section  is  variable  and 
is  defined  by  the  amount  of  information  recorded,  i.e.,  it  ends 
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TABLE  19-4 


DATA  EXTRACTION  SELECTION  SETTINGS 
FOR  PARTICULAR  APPLICATIONS 


MODE  COMMENTS 

Only  at  test  sites  due 
to  large  amount  of  data 
generated 


Use  of  these  modes  will 
allow  a  complete  history 
of  a  scenario  to  be 
recorded,  as  all 
available  information  is 
recorded 


Analysis  3,4,8,11,12  These  options  will 

generate  most  of  the 
Data  Analysis  Summary 
Chart 


Lo8  2,7  Alarm  rate  statistics 

are  available  from  this 
information 


3, 4, 5, 6, 8, 
9,10,11,12 


USE 

Debug 
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FIGURE  19-1 

DATA  ANALYSIS  SUMMARY  CHART  EXAMPLE 
(CONTINUED) 
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when  the  extracted  information  ends  for  the  aircraft(s).  The 
third  section  lists  the  value  of  important  parameters  at  the 
time  of  a  significant  AVARS  event,  such  as  calling  RAER.  The 
fourth  section  gives  the  closest  separation  occurring  during 
the  analysis  recording.  The  final  section  gives  the  PSEP  and 
feature  array  values  used  by  RAER.  This  section  only  appears 
when  RAER  has  been  used  to  generate  resolution  advisories 
during  the  course  of  the  depicted  synopsis. 

The  chart  as  presented  allows  for  a  two  aircraft  summary.  An 
obstacle  avoidance  message  however  involves  only  one  aircraft, 
and  thus  generates  a  chart  with  only  a  few  entries.  Similarly, 
the  mode  options  selected  in  extraction  will  determine  the 
information  available  to  be  included  in  the  chart.  The  details 
of  the  five  sections  of  the  chart  are  presented  next. 

19.3.1.1  Initial  Conditions  Information 


1.  System  -  The  system  field  indicates  the  origin  of  the 
data,  i.e.,  the  ATARS  site  name. 

2.  ATARS  Algorithm  Version  -  This  denotes  the  ATARS 
release  identifier  from  which  data  is  being  extracted. 

3.  Date  and  Time  -  The  date  and  time  (Greenwich  mean) 
when  data  Is  first  recorded.  The  time  used  is  the 
start  of  the  sector  in  which  the  aircraft  appears. 

TEN  is  the  name  by  which  the  time  is  referenced  in  the 
ATARS  psuedocode.  Either  aircraft's  time  can  be 
used.  However,  the  same  aircraft's  time  must  be  used 
throughout  the  encounter. 

4.  Aircraft  Identification  -  This  field  specifies  the 
DABS  ID  or  ATCRBS/Radar  code  with  surveillance  file 
number,  the  nine  bit  abbreviated  aircraft  ID  in  the 
State  Vector,  and  the  CREFX  entry,  if  any,  for  each 
aircraft  in  this  scenario.  The  CREFX  entry  is  used  to 
establish  the  correspondence  between  two  data  analysis 
summaries  for  the  same  aircraft,  both  of  which 
originated  from  separate  ATARS  sites. 

5.  Aircraft  Control  Status  -  The  control  status  of  the 
aircraft  is  specified  in  the  State  Vector. 
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6.  ATARS  Equipage  -  The  equippage  of  the  aircraft  is 
specified  in  the  State  Vector.  For  an  aircraft  which  is 
both  ATARS  and  BCAS  equipped,  EQAB  is  the  appropriate 
label.  For  ATARS  only  equipped,  EQA  is  used,  for  an 
unequipped  aircraft,  UNEQ  is  used. 

7.  ATARS  Service  Class  -  The  value  of  ACLASS  is  specified  in 
the  State  Vector. 

8.  Horizontal  Position,  Altitude,  Heading,  Speed,  Vertical 
Rate  of  Each  Aircraft  -  This  information  is  for  the  first 
scan  recorded.  It  is  available  with  the  exception  of  the 
heading  in  all  extraction  modes.  The  heading  can  be 
calculated  using  the  velocity  components.  The  units  used 
will  be  nautical  miles,  feet,  knots,  degrees,  as 
appropriate.  In  general,  parameters  referring  to  the 
horizontal  dimension  are  in  nautical  miles  or  knots,  the 
vertical  dimension  feet  or  feet/second.  All  information 
related  to  mensuration  throughout  the  summary  chart  will 
have  these  same  units  unless  explicitly  mentioned. 

19.3.1.2  Scan-by-Scan  Data 


1.  Time  and  Scan  Number  -  The  scan  number  used  serves  as  an 
identifier  from  one  scan's  information  to  the  next.  As 
such  it  will  always  start  with  zero  and  be  incremented  by 
one  regardless  of  the  elapsed  time.  The  time  recorded  is 
the  time  in  seconds  (to  the  nearest  tenth)  from  the  start 
time  as  specified  in  item  2  of  the  initial  conditions 
field. 

2.  Aircraft  Uplink  Messages  -  The  resolution  advisories 
calculated  in  Master  Resolution  Task  as  extracted  in  mode 
8  appear  in  this  field.  The  abbreviations  for  the 
advisories  are  in  Table  19-5.  Notice  that  the  resolution 
advisories  print  positions  are  one  scan  after  the  call  to 
RAER,  l.e.,  at  the  time  the  message  is  displayed  in  the 
aircraft . 

3.  Controller  Alert  Messages  -  Each  time  a  controller  alert 
message  is  generated  and  extracted  under  mode  12  for  a 
particular  scan,  the  resolutions  specified  are  to  appear 
in  this  position.  The  contents  of  the  DEL  field  in  the 
controller  alert  message  for  each  aircraft  also  appear  in 
the  summary  sheet.  The  code  used  for  the  advisories  is 
the  same  as  that  in  aircraft  uplink  messages.  The  print 
position  is  also  delayed  by  one  scan  as  in  item  (2)  above. 
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TABLE  19-5 

MESSAGE  ABBREVIATIONS 


MESSAGE 


ABBREVIATION 


proximity 
Threat 
No  Message 
Turn  Left 
Turn  Right 
Cl  imb 
Descend 

Don't  turn  left 

Don' t  turn  right 

Don' t  climb 

Don't  descend 

Limit  Climb  to  500  ft/min 

Limit  Climb  to  1000  ft/min 

Limit  Climb  to  2000  ft/min 

Limit  Descent  to  500  ft/min 

Limit  Descent  to  1000  ft/min 

Limit  Descent  to  2000  ft/rain 


P 

T 

Blank 

L 

R 

C 

D 

NL 

NR 

NC 

ND 

C5 

Cl 

C2 

D5 

Dl 

D2 
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4.  Final  Approach  Zones  and  Area  Types  -  The  appropriate 
zone  and  type  for  each  aircraft  is  displayed  for  each 
scan.  These  parameters  are  extracted  with  options  3  and 

4. 

5.  HMS  (Horizontal  Maneuver  Status)/TURN  (Turn  Sensing 
Status)  -  These  are  available  under  any  mode  option. 

6.  CAFD/CMDFD/IFRFD,  ICAFLG/MTTFLG  -  The  path  flags  which 
are  as  specified  with  modes  4,  5,  or  6.  These  path 
parameters  should  not  be  confused  with  the  same  names 
used  for  flags  in  the  Detect  Task. 

7.  OB/RA/TC/TR  -  This  space  refers  to  the 
terrain/airspace/obstacle  avoidance  flags  extracted  in 
mode  11. 

19.3.1.3  Significant  Event  Summary  Data 


For  each  of  the  following  events  a  group  of  parameters  is  recorded 
which  describes  the  state  of  the  encounter. 

1.  PWIFLG,  FPWFLG,  FPIFLG,  CAFLG ,  CMDFLG,  IFRFLG  -  Whenever 
these  flags  are  set  for  the  first  time  the  parameters 
listed  below  are  to  be  included  in  the  encounter  analysis 
summary.  The  formatting  program  must  check  the  contents 
of  each  scan's  dump  of  modes  4,  5  or  6  for  these  flag 
settings.  Whenever  a  flag  transitions  from  not  set  to 
set  the  information  is  displayed.  It  is  possible  for  the 
first  scan  to  have  one  of  the  flags  set,  in  which  case 
this  scan's  information  is  used. 

2.  Resolution  Advisories  Determined  (RA  SET)  -  Hie 
information  for  determining  if  this  routine  has  been 
called  is  contained  within  options  8  or  12.  This  line 
may  be  repeated  as  often  as  resolution  advisories  are 
generated  during  the  same  scan. 

3.  Resolutions  Dropped  -  This  event  is  determined  by 
examining  the  CMDFLG  flag  extracted  under  options  4,  5, 
and  6  for  each  scan  appearing  in  the  analysis  summary. 

The  transition  from  a  set  to  a  not  set  condition  defines 
resolution  advisories  dropped.  The  scan  information  may 
not  be  available  to  determine  if  this  condition  has 
occurred  (see  Section  19.2). 
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A.  EVENT  Follow-up  -  Whenever  resolution  advisories  are 
determined  or  a  resolution(s)  dropped  condition  occurs, 
the  succeeding  scan  information  is  to  be  displayed.  The 
succeeding  scan  may  or  may  not  be  available. 

The  parameter  values  appearing  with  each  of  the  above  events  are: 

a.  Scan  Number  -  This  is  an  arbitrary  identifier  as  defined 
in  (1)  in  the  scan-by-scan  data  section.  This  is  the 
scan  in  which  the  event  has  occurred. 

b.  ENAT,  DOT  (nmi2/s),  TH,  TV,  RANGE,  MD,  RZ ,  VRZ  -  These 
parameters  are  recorded  under  modes  A  or  5,  and  their 
values  for  the  scan  in  question  are  to  be  printed. 

Notice  that  the  range  and  miss  distance  are  the  square 
roots  of  the  values  extracted.  RZ  and  VRZ  must  be 
defined  consistently  from  scan  to  scan.  The  Detect  Task 
makes  no  distinction  between  AC1  and  AC2  from  one  scan  to 
the  next  and  consequently  the  sign  of  the  values  may 
alternate,  as  ACl  alternates  with  AC2.  This  is  to  be 
corrected  in  the  analysis  chart. 

c.  TH  THR,  TV  THR  -  Under  these  headings  the  appropriate 
threshold,  TCONH(V) ,  TFPWH(V),  TCMDH(V) ,  TFIFRH(V) , 
TIFRH(V)  for  the  particular  flag  set  is  shown.  If  both 
the  flags  are  set  which  correspond  to  a  line,  e.g., 
CMDFLG/IFRFLG,  display  the  lower  of  the  two  thresholds. 

In  the  example  given  IFRFLG  would  normally  have  the  lower 
corresponding  threshold,  TIFRH(V). 

d.  Track  Crossing  Angle  -  The  angle  between  the  aircraft 
headings  as  calculated  from  the  velocity  vectors  for  the 
appropriate  scan. 

19. 3.1. A  Separation  Summary  Content 


The  closest  point  of  approach  shall  be  the  minimum  slant  range 
that  occurs  for  all  scans  represented  on  the  analysis  chart  for 
one  aircraft  pair.  The  slant  ranges  can  be  calculated  from  the 
(x,  y,  z)  positions  recorded  for  each  aircraft.  Appearing  with 
the  minimum  slant  range  are  the  corresponding  scan  number,  and  the 
horizontal  and  vertical  components  of  the  slant  range. 

19.3.1.5  PSEP  and  Feature  Array  Content 

For  each  call  to  RAER  the  PSEP  matrices  and  the  feature  evaluation 
versus  resolution  advisory  set  data  array  are  to  be  formatted  and 
printed.  In  the  example  a  "1"  indicates  that  the  feature  is  true 
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for  a  given  advisory  set.  Note  that  MANTM,  the  climb  rate  for 
each  aircraft  and  the  RASET  value  are  also  provided. 

19.1.2  Formatting  Requirements 

For  any  extraction  mode  chosen,  the  system  parameters  (Appendix  A) 
must  also  be  recorded,  once,  for  any  extraction  cycle.  These 
parameters  must  be  formatted  and  printed  in  a  clear  and  concise 
manner  with  each  value  accompanied  by  its  parameter  name. 

Similarly,  data  extracted  items  which  are  not  part  of  the 
encounter  analysis  must  be  formatted  and  printed  in  a  clear 
concise  manner.  These  data  are  to  be  labelled  and  ordered  by 
aircraft  pair  and  within  aircraft  pair  by  scan.  It  shall  be  the 
user's  option  to  determine  if  these  additional  data  are  to  be 
printed  (if  available)  in  addition  to  the  data  analysis  summary 
chart . 
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13 
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Tabla  13-10 
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13 
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Tabla  13-11 

C0H8TBGT 

13 

RIERPIRB. faatura_waights 
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COBFIDBBCE 

3 

II  EC.  adT^data 

COBTROl 

3 

TI_PFOX.  adrlsory_data 

COBTROl 

3 

TI_THRElT.ad»iaory_data 

CORRECTED 

3 

1IEC.  ade— data 
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8 

BISCTBL. local 
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8 
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0.981 

1-4 


-«.v« 


i  im 

CHAPTER 

CO IT EXT  (3TB0CT01B/GROOP) 

VOHIH&L  Time  i 

co orss 

3 

TA_PROX.adTisory_data 
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3 
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9 
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3 
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11 
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8  a 
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3 
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3 
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3 
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CTRPTR 

3 
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COHC 

3 
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13 
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13 
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4 
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13 
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13 

DOHIROTBL. detection 

DDES 

13 
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DDESC 

13 
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13 

DOHIROTBL.  detection 

DDSQ 

13 

DOHIROTBL. detection 

DECAT_PCTR 

4 

TRKPARH. vert_trncker 

0.8  ft/s 

DEI 

3 

BP  AL  ST.  acl 

DEI  IT 

13 

HODELIRG. Talnes 
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DELPG 

3 

STECT. flags 

DELIIT 

13 

HODELIRG.  Talnes 

1  s 

DELBEQ 

3 

ELERTB  T. processing_r squired 

OBIT 

4 

TBKTBL.vert_tracher 

DELICT 

13 

RAERPARH. featnre_«eights 

2*«24 

DEBIT 

13 
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13 

SATE. acl 
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12 
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12 
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13 
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4 
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DIEPTDRIGHT 

13 

PDC_tIST.res_adT 

MOOT 

3 

STECT.  flags 

DHOD 

8 

BCSTBL.res 

Table  8-1 

DHODTA 

a 

BCSTBl. threat 

Table  8-1 

DOHCHSE 

13 

RAERPARB. llsc 

3.0 

DORKONC 

3 

SISTER. a iscellaneoos 

1 

DOBSCAHS 

13 

RAERPARB. also 

A.  0 

DOBSRCH 

13 

BABRPABR. aiSC 

3.0 

DOBTALOE 

13 

BIDS,  ot  har-lnf  o 

DOBTAIOE 

12 

'RADS. other-info 

DOB1RGT 

13 

RAERPARB. f eature_weights 

2**17 

DOREBOTH 

8 

PATHTBl. local 

DOT 

3 

EtERTRT.conpated_separatlons 

DOT 

13 

BOD7BL. calatiTa_gaoaatc7 

DOTP 

9 

TATBL. calculations 

DOTTH 

3 
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DRARGE2 

13 
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DR  ATS 

3 
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DRCBD2 

13 
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3 
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13 

DOHXROTBXm  detection 

03 

4 

TRKTBl. predict 

DSC 

13 
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DSQ 

8 
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OT 

6 
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DT 

3 
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DRATtB.  thresholds 

DTH 
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4 
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02 

4 

TBKTBL.  saoothing 

D2TH 

4 
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12 

BBPABfl. logic_tablas 

Table  12-5 
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12 
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ELEBTBY 

13 
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3 
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EBAT 

13 
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13 
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PItE 

PILTPAIl 

fibb.bbg 

FIRE.BRO 

PIBB.BBO.IBCB 

PIRS.BDQ 

FIHBJttG^tBCS 

FIBRE 

FIB  HI 

FIBRE 

FI8HE_HAX 

FIBBER 

FIBREB_IRCB 

FIRHE R_IHIT 


?IRHZB_SAI  4 

FIBHZBJIIR  4 

FPIPIG  3 

FPHFLG  3 

PSTORCED  13 

FTAT  3 

FTAT  3 

FTAT  3 

FOCSCNGT  13 

S  13 

GROG  3 

GOTHT  8 

GHRD_SPEED  3 

GBBD_SPEED  3 

HALFSEC  15 

HDOPF  3 

HEADING  9 

HIT  4 

HHAB  3 
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STECT. general_Talua* 
PATHVBL. local 
TA_PBOX.  adTisory_4at a 
TA_THBEAT.  adTi*ory_data 
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trkpihh.  Tart_trackar 
BPTPAHH.xtrk_.iait 
TBEPABR.  Tart_traekar 
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HHD2I 

13 

HBS 

3 
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12 

BPROX 
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B1 

8 
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13 

HI 
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8 
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13 
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12 
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3 
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3 
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13 
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13 
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13 

PDC_LIST. res_ad» 

LE7EL_TIHE 
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LFT 
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LFTCLH8 

13 
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LPTDSC 

13 
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LIL_BIT 
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LOFL 

3 
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LOT 

3 
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4 

TBKPABH. 7ert_tracker 

0.4 

LSTPTB 

6 
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HANTS 

13 

B0D7BL. siscellaneous 

HAPPTB 

3 
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HAPTBL  (15) 

3 
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BASTES 

3 
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3 

ST5TEH. coterage 
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9 

TA7BL. identity 

BATPTB 

13 
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BATPTB 

12 
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13 
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HAXTLI 

13 
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13 
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13 

D0BIB07BL. detection 
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3 

S7BCT.  flags 

SCTA 

11 
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3 

HDCOM2 

8 

CA7BL.  thresholds 

Table  8-1 

BDFPT2 

9 

TA7BL. ctl_thresholds 
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HDPPB2 

a 
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BDHB 

13 

BAEB7BL.  res_adv 

3DHBSQ 

13 

BAEBPABH. features 
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BDHSQ 

13 

BAEBPABH. features 
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3 
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3 
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SEXTO 

6 
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3 
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3 
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13 

BOLLPG 

3 

BOBBED 

6 

RORPBA 
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BXCTE 

3 
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BXTADT 

13 

BXTADT 

12 

RXTIRTB 

13 

BXTPP 

3 

BXTPBI 

3 

BTTPWI 

3 

BXTPBI 

3 

BXTPBI 

3 

BXTPBI 

3 

BXTPBI 

3 

BXTPBI 

3 
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10 
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S 
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6 
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3 

OBJ_AC 

3 
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3 

OBJECT 

9 
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3 

OBXCK 

6 

OBTCK 

6 

OBZCK 

6 

OLD.TTPS 

3 

OLD_?IPE 

3 

OBEX  DATE 

4 
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3 
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12 

OSBBAB1 

13 
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0SHBAH2 

13 

HAERVBL.  res_adv 

OSVBAN 

12 
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OS7BAN1 

13 
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OSVHAN2 

13 
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13 
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16 
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16 
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OSNHDG 

3 
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OWNID 

3 
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OWNT 

3 

S7ECT.  tines 

OWNTPN 

3 

S7ECT.  general_values 

PRC 

3 
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4 
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8 
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3 

PREC.acI 
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13 
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13 

PRE7IOOS. advisories 
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3 
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PL  I  ST 

3 
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3 
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3 
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PHCONT 

13 
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PRCONT 

8 
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12 

BR7BL.  pointer 

PR  EC 

13 
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PRBQ 

13 

DOHINO  VBL.  detection 

PREQ 

8 
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3 

CTHEAD. aaintenance 

PHEVX 

3 
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16 
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3 
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3 
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3 
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3 
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3 
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13 
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13 
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13 
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13 
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3 
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3 
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3 
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13 
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13 
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3 
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3 
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3 
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13 
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13 
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8 

BADS 

13 

BADSPTB 

12 

BADSPTB 

13 

BALBT 

6 

BANGE 

3 

BARGE 

3 

BARGE 

3 

BARGE 

3 

BA  NGS_R  ATE 

3 

BARGE_BETGHTED 

3 

RARGE_B EIGHT  ED 

3 

PARGE2 

3 

BARKTTP 

3 

TA_PROX.  aaintenance_info 
TA_THREAT. aaintenance_info 
TSBBAI N.aaintenance_info 
HBVBL.  other_site 
R1ESPABH. featnre_ weights 
PSHAT. aini aaas 
DELGEOH.  ainsep 
BABBPABH. feature_weights 
SVECT. flags 
PBEC.acI 

PBEC.general_values 
PBEVIOOS. advisories 
PR EVloos. advisories 
ELERTBT.  detect_f lags 
PREC.general_values 
SVECT. pointers 
sister. ztrack 

PSHAT. snapshot 
TRRVBL.  vert_trac*er 
MODELING. values 
NISCVBL.  local 
RAERVBL.  pointers 
RBVBL.  pointer 
HAEHVBL.  pointers 
TAO. aisc_variables 
ATCR8S_TB. tracfc_data 
OBSTACLE.  adv_data 
TA_PB0X.  ad  vi  sory_data 
TA^THREAT. advisori_1ata 
ATC8BS_TB. tracA_data 
TA_PBOX.  ranA_data 
TA_THR EAT.  ranlc_data 
SLENTBT.coapnted_separations 
TA_?BOI.rank  data 


2**21 


2**7 


100  ft 


9.  #  s 


A-  15 


I  nans 


CIUPTCT  CONTEXT  <STBOCTOIE/8tOOP) 


loimi  Tito*  i 


i 

'I 


i 


J 


RES 

3 

RPRL ST.ad 

SESP 

10 

sexhtbi. aiacellaaeoos 

RESSEHT 

16 

DLHCTBL. aiscollaneoos 

RETRaR 

3 

STECT.  ganoral.Taloaa 

RPIER2 

8 

TiTBt.  ctl.thresholde 

Tabla  8-a 

REPNI2 

8 

Ta  tbi.  one. thresholds 

Tab la  •-» 

RGT 

13 

piaosTm.aei 

RGTCLHB 

13 

paaosTTBi.aci 

RGTDSC 

13 

PRIDSTTBt. aol 

SHOP 

3 

STECT.  hora_trackar_data 

RIFR2 

8 

rxtbl. ctl_ thresholds 

Tabla  8-3 

RIGHT 

13 

pdc.iist. res.ada 

RIGHTCtIHB 

13 

PDC_tlST.res.adT 

RIGHTDESC 

13 

PDC_tIST.rae.ady 

rh  ax 

7 

cSTBt. bounds 

RHai 

13 

do  hi no  TBt. coat se.sor as a 

ssaiH 

3 

cscr ebb. distances 

31.2  sal 

Rsaxi 

3 

cscr  ben . dl ataocee 

9.3  aai 

Rsaxy 

3 

cscrbbn. diataacaa 

B.2  nai 

P  BEL 

3 

STECT.  flags 

RN_TIHE_0(JT 

11 

CROP  BRB. ovrhd 

•  a 

RHKTaB 

9 

TlTBL. calculatioaa 

RPHIH 

8 

papaia. t hr aa holds 

a.O  nai* 

RPTRK 

« 

RPTTBt. logic.path 

RPtl 

3 

CSCE  BEN.  diataacaa 

a.  nai 

RRREJE 

* 

TEKTBl.  logicjpath 

RSPHD1 

13 

BXEHTBt*  res.ady 

BSPRD2 

13 

RiEBTBt.rea.adT 

RST 

8 

81  SCTBt.  local 

STHRTa 

8 

BCSTBt. throat 

"■able  8-1 

SI 

a 

HI SCTBt. local 

RX 

13 

RODTBt. relative. geoaetry 

RX 

9 

TaTBt. cal eolations 

RXP 

9 

taTBL.calcolations 

A-17 


|  RARE 

CHAPTEB 

CORTSIT  (STROCTOBE/GBOOP) 

ROHIVil  VILOE  | 

i  ,  —  ' 

BITS 

8 

HISCYBL.loeal 

RT 

a 

HISCYBL. local 

HI 

13 

RODYBL.relatiTe.geonetry 

BY 

9 

TAYBL. calculations 

BYP 

9 

TAYBl. calculations 

BZ 

8 

HISCYBL. local 

RZ 

13 

BODYBL.relatlYe.geoeetry 

RZP 

9 

TAYBL. calculations 

R2RA 

8 

1 ATAPABB . nathrs 

4.0  nai 

S 

4 

TRKYBL- smoothing 

SA 

13 

TORCOR. acl 

SACRBADS 

13 

BAEBPABR. pointers 

Pointer 

SCAN.EACTOB 

4 

TBKP ABB . sert.t racket 

0.05 

SCARY 

3 

SYSTER. niscsllaooous 

4.7  s 

SEAR 

3 

CTHBlD.data 

SECTID 

3 

PBBC. identifiers 

SERD 

3 

PBEC.acI 

5EHT 

3 

AIRSPACE.  saintenance.inf o 

SERT 

3 

ALEC. naintenance_info 

SENT 

3 

ATCRBS_TB. saintenance.info 

SERT 

3 

OBSTACLE. naintenance.info 

SERT 

3 

Tl_PROX.  saintenance_into 

SERT 

3 

TA_TRREAT.  eaintenance„.info 

SERT 

3 

TERRAIR. naintenance.info 

SEP1 

3 

BESADV. thresholds 

0.0271  nsl* 

SEP2AP 

13 

BAERPABH. features 

0.67 

SHIPT_PACT 

4 

THKPABR.Yert_tracker 

64 

STRB2 

8 

HISCYBL. local 

single 

13 

RADS.  read-only_f  lags 

SIRGLE 

12 

TRADS.read-only.flags 

SLEEPS 

3 

SYECT. general. ys lues 

SRPB 

3 

SYECT.  flags 

SRGDIR 

12 

RRYBl.logic.path 

SRGDIH 

13 

RAERYBL. logiC.path 

1-18 


i  mm 


CHhPTBB 


CO  It  TEXT  (STBOCTOBE/GBOOP) 


NOHISXL  VALUE  | 


SBGLDBGT 

13 

BIEBPtBB. featore_»eights 

2**8 

SOURCE 

3 

BPILST. orrhd 

SPOCKBGT 

13 

HAEBP1BB.  f eature_weights 

2**2 

SPIDFG 

3 

STECT. flags 

SPL02 

3 

SYSTEB. tracker 

(240  kt) * 

SPBO 

3 

STECT.  flags 

SQLO 

3 

S7BCT.  flags 

SQM  HP 

3 

ST STBS. coverage 

Site-dependent 

SB_SAG 

4 

TBKPABB. vert_tracker 

0.2 

SB_THBBSH 

4 

TBKP  IBB.  vert_tr acker 

1.3 

SBGBIB 

4 

TRKPABB. vert_tracker 

0.5 

S8TBSK 

3 

STECT. flags 

sst 

8 

ELTBL.  local 

STkBT 

7 

CStBL.  starting_loc 

SThTBSG 

3 

SYSTAB. flags 

STVPTB 

3 

STECT. pointers 

SOBPIELOBO 

16 

DLBCTBL.  miscellaneons 

SUBJECT 

9 

TATBl. identity 

SOCIT 

3 

STECT.  vert_tracker_data 

SUHBES 

3 

STECT. vert_tracker_data 

SVSID 

3 

STECT. general_Talnes 

TkCID 

12 

BBTBL. pointer 

T1LBT 

6 

T&O. aisc_Tariables 

TIBEQ 

3 

ELESTBY.processing_required 

ThTSR 

6 

1C0PTBL.  tiaes 

T»0 

3 

Tl_P80X.  rank_data 

TtU 

3 

TA_THRBAT. rank_data 

TBUB 

8 

BISCTBl. local 

TCKDE1 

13 

BODE1IBG. Talnea 

17  s 

*CilBT 

6 

TIO. aisc_*ar iables 

TCBDH 

8 

BATBL.  unc_threshol4s 

Table  8-3 

TCBDV 

8 

BATBL.  nnc_thresholda 

Table  8-3 

TCOBR 

8 

catbl.  thresholds 

TCOBV 

8 

catbl. thresholds 

1-11 


babe 

CHAPTER 

CORTEXT  (STHOCTORE/GHOOP) 

ROBIBAL  T ALOE  | 

TCOR 

4 

TRKTBE. Tert_tracker 

TD 

3 

STECT.  tines 

TODS 

4 

TRKPARB. trk_qaality 

0.1  S 

TODS 

4 

TRKTBE.  predict 

TDROP 

4 

TRKPARB.  trk_qoality 

19.0  s 

TBBP_TYPE 

9 

TATBE. identity 

TBBPTR 

6 

acoptbe.  pointers 

TEH 

6 

ACtJPTBE.  tines 

TERALT 

3 

stect.  general_Talaes 

TEROBRGT 

13 

RABRPARH. f eature_weights 

2«*19 

TEST 

4 

TRKTBE. Tert_tracker 

TEST_ID 

10 

SEABTBE.  aiscellaneona 

TBST_TH8SH 

4 

TRKPARB. Tert_tracker 

100.0  ft 

TPIFRH 

8 

TA Tbl.  ctl_thresholds 

Table  8-4 

TBIPHT 

8 

TATBE.  ctl_thresh  olds 

Table  8-4 

TPPRIH 

8 

TATBE. unc_thresholds 

Table  8-4 

TBPRIT 

8 

TATBE.  onc_thresiiold» 

Table  8-4 

TH 

3 

EE EH TRY. cospated_tises 

THUS 

4 

TRKPABH.trk_quality 

5.0  s 

TUBS 

4 

TRKTBE.  predict 

TUBA 

a 

M AT1PARB. natbrs 

30  s 

THTRO 

8 

RISCTBE. local 

TH  1 

4 

TRKTBE. ssoothing 

TH2 

4 

TRKTBE. ssoothing 

TIP5H 

8 

RATBE.ctl_thresholds 

Table  8-3 

TIPRT 

8 

RATBL.ctl_thresholds 

Table  8-3 

TIBB 

3 

RPAE  ST.orrhd 

TIHIRT 

13 

HODEEYHG. Taloes 

2.35  s 

TEA 

7 

CSTBE. bounds 

TEA 

8 

RISCTBE. local 

TED 

13 

DOHXhotbe. coar se_screen 

TEI 

3 

CSCREZl. tises 

75  s 

TEPSQ 

8 

PAP ABB. thresholds 

900  s* 

TEOPD 

3 

STECT.  tines 

A-20 


TIT 

3 

CSC*  BEH. tines 

75  a 

TH 

e 

HI SCTBL. local 

TH 

3 

stacT.tiMs 

TIP 

3 

STBCT.  tlM! 

THPTB2 

6 

RCOPTBL.  pointers 

THPTB2 

6 

HETkCTBL. pointers 

TH* 

3 

STSCT. tinea 

TH* 

3 

STSCT.  tiaea 

TIDK 

4 

tbktbl. Tert.tracker 

THTRiH 

13 

HODELIBG. values 

20  s 

TPRBC 

12 

H8TBT,.  pointer 

TPIIT 

4 

TRktbl. vert_traeker 

TRRCK.RO 

3 

T»_proX. identity 

TRRCK.BO 

3 

T»_THHBAT. identity 

TRIOS 

13 

BIERTBL.  pointers 

TR4LT 

6 

TAOPArh.  genera  1_  values 

5000  ft 

T*»*S_P»CTO* 

4 

trkparh. vert .tracker 

1.2 

tfitio 

13 

R1E8TBL.  res_adv 

T1HCOH 

12 

hrparh . res_adv_recoa potation 

19  a 

t»hth 

6 

T AOP arm. gene ral_values 

60  a 

TRRID 

3 

PR  SC.  acl 

t»th* 

8 

BCSTBL.  res 

Table  8-1- 

TRTHRTR 

8 

BCSTBt. threat 

Table  8-1 

TRTHO 

13 

R  AER  VBL.  neg_rea_adv 

trtro 

8 

HI  SCTBL.  local 

TSCHO 

12 

HR  PARS . r e  a_a dv.recon  pn  tatlon 

10  a 

TStPSQ 

8 

HATAPABfl.nathrs 

900  a* 

TSREJP 

4 

TRKTBL. logic.path 

TSTRR? 

3 

PRSC.general.valuea 

TTH 

3 

RAPARH. tiaea 

1 

TTPRll 

3 

strct. tines 

Ttita 

3 

STSCT. general. values 

TOR* 

3 

TA.THREAT.advisory_data 

TOII 

4 

TRRTBL.  snoot hing 

I-J1 


i  URI 

CB1PTEB 

COBTBXT  (STBOCTOIE/GIOOP) 

BORXR1L  T1LOB  ) 

tobbii 

13 

BODBLXRG. Tilaaa 

180  dag 

T0RB12 

13 

BODBLXRG.  val nab 

270  dag 

TT 

3 

ELBRTBT. coapatad.tiaaa 

TV1LX0 

12 

BRPlRB.aiacallanooaa 

2.5 

TT1L0E 

13 

R1ERTBL.  raa.adT 

TTBBT 

13 

B1EBTBL. raa.adT 

TTIOL 

6 

TIO. aiac.varlablaa 

TTHD 

8 

BISCTBl. local 

TTBOLB 

13 

B1BIP1BB. aiac 

8.0 

TTTBB 

8 

BCSTBL.CM 

Tabla  8-1 

TTTRBT1 

8 

BCSTBL.  threat 

Tabla  8-1 

TT1 

13 

BAEBP1BB. features 

8  a 

TT2 

13 

BlBBPllH. faataraa 

16  a 

TW1BB 

3 

PDTBL. alacallanaoua 

Tabla  8-2 

TXTH 

13 

R1EBTBL. raa.adT 

TXTH1 

13 

B1EBP1BB. faataraa 

60  dag 

TTTB2 

13 

B1BBP1BB. faataraa 

120  dag 

TYPB 

3 

STECT. ganaral.Talaaa  • 

Tit 

8 

BISCTBL. local 

TZ2 

8 

BISCTBL. local 

OCLTRBGT 

13 

B1BBP1BB. faatnra.aalghta 

2**12 

OBCROBD.CHDBD 

13 

RIDS. raad- on ly.f laga 

OBCBDED.CRDED 

12 

trios. raad-only.flaga 

0RB1IWGT 

13 

B1BBP1BB. faatara.waighta 

2»*22 

0PBB3 

3 

STBCT. pointara 

OOIBD 

8 

BLTBL.  local 

T1L0B 

13 

BIDS. othar-lnfo 

TIL  OB 

12 

TB1DS.  othar-lnfo 

TBBT 

13 

RIDS. raad-oaly.f lags 

TBIT 

12 

TBlDS.raad-only.flaga 

TIBT.R1TB 

3 

1TCB  BS_TB. track. data 

TBBT.SPD 

3 

Tl.THB BIT. ad  t1 sory.dat a 

TB1TB11 

13 

RlBRTBL.raa.adT 

13 

RlBBTBL.raa.adT 

1-23 


SI  BE 

CHAPTER 

COPTEXT  (STStJCTtfBE/GROBP) 

HOHIRAL  VALOB 

VEASTSQ 

13 

BAEBPABH. features 

0.0025  (nai/s)  * 

TEAS 

3 

CTBHTRT.  data 

▼  HARD 

3 

CTEHTRT.data 

VHD  A  (3) 

13 

PSHAT.  ainiauas 

VHDAI 

13 

DELGEOH.ainsep 

VHDB(3) 

13 

PSHAT.  ainiauas 

VHDBI 

13 

DELGEOH. ainsep 

VHDTH 

3 

DETPARH. general.paraaeters 

▼  PCS 

3 

CSCBEEH. thresholds 

2000  ft 

VPBOX 

8 

PATHVBl. local 

VP1 

8 

PAPABH. thresholds 

2000  ft 

▼  BAP 

13 

HTGEOH.pre»ert 

▼BAT 

8 

EL VBL.  local 

▼BATC 

3 

THRSPARH. ratios 

2.25 

▼BATIO 

13 

BAEBPABH. features 

2.25 

▼BATTH 

3 

THRSPABH. ratios 

2.25 

▼BTH2 

13 

HODELIHG.  values 

(10  At)  * 

»BX 

8 

HI SC»BL. local 

TBX 

13 

HODVBL. relative. geoaetry 

▼PT 

8 

HISCTBL. local 

▼BT 

13 

HODVBL.  relative.geoaetry 

▼P2 

8 

HISCTBL. local 

13 

HOOTBL.relatiTe_geoaetry 

▼BZA 

8 

HISCTBL.  local 

TRXCOH 

3 

THRSPABH. ratios 

-300  ft/ain 

VRZTH 

3 

DETPARH.  general,  paraaaters 

15  ft/ain 

»B2 

8 

HISCTBL. local 

▼B2 

13 

HODVBL. relative. geoaetry 

▼SLO»SQ 

13 

BAEBPABH. features 

0.00111  (nai/s)* 

VSQ 

3 

SVECT.  horv.tracAer.data 

TTHSQ 

13 

HODELIHG. values 

(150  At)  * 

▼■EIGHT 

3 

STSTEH.aiscellaneous 

5.0 

▼  1 

13 

RADS. advisor y.coeponents 

▼  1 

12 

TB  ADS.  adviaory.coaponenta 

1-23 


I  MI'S 

i _ 


CHAPTEB  COHTEXT  (STBOCTOBE/GBOOP) 


ROBIRAL  VALUE  | 


T1000 

T2 

T2 

T2000 

T500 

a 

r 

X 

X 

X 

X  (3,4) 

n 

XD 

XD 

XD 

XD(3.4) 

IDE 

XDEH 

EDI 

XDIR 

XDPRJ  (4) 

XL 

XL 

ILETEL 
1(1  A I 

xniH 

XP 
IP 
XPI 
XPB  (9) 
XPR  J  (4) 

xs 

XSI 

ISP 


13 

HODELIHG. values 

16.67  tt/s 

13 

BADS. ad visor y_conponents 

12 

TB  IDS.  advisory  _cosponsnts 

13 

HODELIRG. values 

33.33  tt/s 

13 

HODELIRG. values 

8.33  ft/s 

4 

TRKV BL . ssoot  hi ng 

13 

DELGEOH. hor 1 

13 

HARGEOn.  hor1(3J 

6 

OBLlST.obstacle_data 

3 

SVECT.  hor*_tracker_data 

13 

R1PP_T1BLE.  positions 

4 

TBRTBL . snoot hi ng 

13 

DELGEOH. hor 1 

13 

HARGEOH.  hor  1  (3) 

3 

STECT. hors_tracker_data 

13 

BAPP_TABLE. velocities 

3 

STECT.  horz^tracke^data 

4 

TBRTBL. ssoothing 

3 

STECT.  horz_tracker_data 

4 

TBRTBL. ssoothing 

3 

STECT. dosino_ob j_proy 

7 

cstbl.  Units 

13 

DOHIROTBL.  coar  se_scr  sen 

4 

TBRPABH. vert_tracker 

2.5 

13 

DOHIROTBL.  coar se_screen 

13 

DOBIHOTBL. coarse_screen 

7 

cstbl. predictions 

3 

STECT. hor*_tracker_data 

3 

STECT.  horz_tracker„data 

13 

DOHIROTBL. coar  se_scr sen 

3 

STECT. dosiso_obj_pro j 

4 

TBRTBL. ssoothing 

4 

TBRTBL.  ssoothing 

3 

CSCREEH. thresholds 

5  nsi 

A- 24 


I 


BIBB 

CB1PTE 

XTOBOBB 

4 

XTB1BESID 

4 

XO 

7 

XO 

13 

XOPPL 

3 

XTEL 

13 

T 

13 

T 

13 

I 

6 

T 

3 

T(3,4) 

13 

Tl 

4 

TD 

13 

TD 

13 

TD 

3 

XD(3.4) 

13 

TDE 

3 

TDEB 

4 

TDI 

3 

TDIB 

4 

TDPRJ(S) 

3 

TL 

7 

TL 

13 

TB1Z 

13 

TBXB 

13 

TP 

7 

TP 

3 

TPI 

3 

TPB  (9) 

13 

TPB  J  (4) 

3 

TS 

4 

TSI 

4 

TO 

7 

TO 

13 

CB1PT2B  COBTEIT  (STROCTOBE/GBO0P) 


tbkpirh. Tart_ttaekar 
tbkpirb. svrt.trackar 
CSTBL.  Halts 
DOBI BOTBL. coarse_scr««n 
STECT.  flags 
BlBRPlBB.doaino 
DELGSOB.  hod 
BkRGSOfl.horl  (3) 
OBLIST.obstacla.data 
STECT.  horz_trackar_data 
B»PP_TIBt E. poaitions 
TBKTBL. smoothing 
DELGEQB. hot 1 
BBRGEOB.  hor  1  (3) 

STECT. hor*_trackac_data 
RlPP_TlBLE.Tnlocitlas 
STECT. hor«_track«r_aata 
TBKTBL.  snootblag 
STECT. horz_track«r_data 
TFKTBl. smoothing 
STECT.  aoalno_ob3_proj 
CSTBL.  Halts 
DOBIIOTBL. coarsa_acraan 
DOBXBOTBL.  coarsa_scra«n 
DOBXBOTBL.  ooarsa_sctaan 
cstbl. prsaictiona 
STECT. horx_trackar_data 
stbct. horz_trackar_data 
DOBXBOTBL.  coara«_sccaan 
STBCT.doaiao_obJ_proJ 
TBRTBL.saoothlag 
TBKTBL. saoothiag 
CSTBL.  Halts 
DOBXBOTBL. eoara«_8eraan 


BOBIB1L  TILDE  I 

22.0  a 

0.7 


240  kt 


1-25 


Mm 


r — "  ■  ■  ■ 

1  HASP 

CHAPTER 

CORTBIT  (STHOCTORE/GROOP) 

BOBIBAL  VALUE  j 

z 

13 

DELGEOH. verl 

z 

13 

BABGEOH.  verl  (3) 

z 

13 

BVGEOH. ver 

z 

3 

SVECT. vert_tracXer_data 

2(5, «) 

13 

RAPP_TABLE. positions 

ZAFCOB 

3 

CAPARH.  zone2 

275  ft 

ZC  BSE 

13 

RAERPARB. aulti-AC 

150  ft 

ZCORRECT 

0 

TRKPARH.  vert_traclcer 

0.9 

ZD 

13 

DELGEOH. ver 1 

ZD 

13 

HANGEOH.  verl  (3) 

ZD 

13 

BVGEOH. ver 

ZD 

3 

SFECT. vert_tracher_data 

2D  (5,  4) 

13 

R APP_TABLE. velocities 

2DDBBF 

13 

HODELIHG. values 

1500  ft/ain 

ZDD9BS 

13 

HODELIBG. values 

800  ft/ain 

ZDE 

3 

SVECT.  vert_tracicer_data 

ZDFD 

13 

RATE. acl 

ZDFH(3) 

13 

RATE. acl 

2  DPR  J 

3 

SVECT.  doaino_ob  j_pro"J 

ZDTH 

13 

RAERPARB. features 

6  ft/s 

ZDTHR 

8 

BCSVBL.  res 

-1  ft/s 

ZDTHRTA 

8 

bcsvbl. threat 

-1  ft/s 

ZDOPF 

13 

HODELIBG. values 

1500  ft/ain 

ZDOPS 

13 

BODELIBG. values 

800  ft/ain 

ZFAST 

3 

CSCRBEH. thresholds 

16.67  ft/s 

ZHHBX 

3 

AZPARH.  coarse_region 

Table  8-6 

ZHHBY 

3 

AZPARH.coarse_region 

Table  8-6 

2HHIX 

3 

AZPARH . coarse_ region 

Table  8-6 

ZHHXT 

3 

AZPARH. coarse_region 

Table  8-6 

ZJHBX 

3 

AZPARH.  coarse_re  gi  on 

Table  8-7 

2JHBT 

3 

AZPARH. coarse_ region 

Table  8-7 

ZJHXX 

3 

AZPARH.  coarse_region 

Table  8-7 

ZJflIT 

3 

AZPARH .coarse_re gi on 

Table  8-7 

Zl 

7 

CSVBL. lilitS 

1-26 


cbivtbb  coitbxt  (stboctobb/sboov) 


i  bibb 
■ 


lomitt  tblob  i 


j 


XL 

13 

DOBXBOTBL.  coar sa_screea 

zaix 

13 

DOBXIOVBI.  ceuii.aerMi 

xacc 

< 

T»o.  alsc.varlablaa 

sail 

13 

DOBXBOTBL. coar sa.acreaa 

tax 

13 

DOBXBOTBL. detect loa 

taoa 

3 

SYST8B. tracker 

5000  ft 

XV 

7 

CSVBL. predictions 

XV 

3 

STBCT. eert_tracker_data 

*Vt  (5) 

13 

DOBXIOVBI.  coar  N.icrNi 

xvasv 

3 

svbct. vert_trackar_data 

XP1J(4) 

3 

svbct. doaiao.obj^pro j 

XPBT 

3 

STBCT. geaer a 1_ values 

XB 

4 

TBKTBL. vart_traeker 

Z1COB2 

8 

ckVkia.aoa«2 

0.23  aal* 

xs 

3 

svbct. T*r«_trackar_data 

XSaOOTB 

4 

TKKPiBS.  vart_t  racfcer 

0.3 

XTB1 

8 

BCSTBL.raa 

1200  ft 

XTBBTk 

8 

BCSVBl.  threat 

1300  ft 

20 

7 

CSTBl.  Halts 

XO 

13 

DOBXBOTBl.  coar  sa^scr  sen 

XTBl_IBIT 

4 

BVTVkBB.strk.lalt 

1.  f/a 

1X012 

3 

200  ft 

X7 

4 

TBKTBL. vert_ tracker 

Z8SBC1 

13 

BkBBTBL. ra  s_ad v 

X8S8C2 

13 

»-ai 
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Hr  UPS  STBBOIIC  COBSTABTS . B-P3 

COBEtlCT  TA81E  ABO  PAID  RECORD  C0BSTAIT3  ...  .  B-P3 

DETECTIOB  COASTARTS  .  B-P5 

DORIAO  COASTARTS . B-P6 

PAIR  STATUS  CORSTARTS  . . . . '  B-P"» 

PSEP  AODELIAG  COASTARTS  .  B-P8 

STATB  RECTO?  COBSTABTS . B-PB 

TERR AIR/AIR SP ACE/OBSTACLE  COBSTABTS . B-P11 


CCOBFLICT  TiBLE  ISO  PITS  BECOBD  COSST»HTS> 


<***  IBTEBiiL  T ALOES  OP  BESOLOTIOB  ADVISORIES  **•> 


HI 

SSOBES; 

< 

no  resolution  advisory  > 

Ill 

JBOLLBES ; 

< 

nail 

resolution  advisory  > 

Ill 

STL; 

< 

tnrn  : 

left  > 

1ST 

STB; 

< 

turn 

right  > 

1ST 

SDTB  ; 

< 

don't 

turn  right  > 

IBT 

SDTL ; 

< 

don' t 

turn  left  > 

1ST 

JDTLDTB ; 

< 

don't 

turn  left,  don't  tnrn  right  > 

IBT 

SCL; 

< 

cliab 

> 

1ST 

IDES; 

< 

descend  > 

HT 

IDDES ; 

< 

don' t 

descend  > 

III 

IDCL; 

< 

don't 

cliab  > 

1ST 

SDCL  DDES ; 

< 

don' t 

cliab,  don't  descend  > 

III 

ILDES2K ; 

< 

lisit 

descent  to  2000  ft/ain  > 

HI 

ILCL2K; 

< 

Unit 

cliab  to  2000  ft/ain  > 

Ill 

ILDES1K; 

< 

11  ait 

descent  to  1000  ft/ain  > 

1ST 

ILCL1S; 

< 

liait 

cliab  to  1000  ft/ain  > 

1ST 

JLDES500; 

< 

liait 

descent  to  500  ft/ain  > 

IBT 

ILCL500 ; 

< 

liait 

cliab  to  500  ft/ain  > 

<•*«  ITS  ID  FIELD  COSSTAHT  ***> 


I»T  SBCAS;  <  BCAS  In  control  of  conflict  > 

<**•  PAC  FIELD  COSSTAHT  ***> 


1ST  FORK;  <  1C  ID  unknown  > 

rasca»i*j  pAca  bumc-not  fum® 


1T1BS  STHBOLIC  COSSTASTS 

B-P3 


S  E  E  £  E  E  E  E 


<*••  P03CBD  FIBLD  COiSTlITS  •••> 


HI  S DOUBLE; 

BBBO; 
*1081 ; 

SROMBT; 
SORBHIT; 
SOIBHIS; 
SPOS; 


SR1RBC; 
SBCBDBL; 

IBT  SBCHSR6 ; 


<  doable  Uinilta  resolatioa  advisories  is  pair 

record  > 

<  negative  resolation  advisories  la  pair  record  > 

<  ao  resolatioa  advisories  are  seeded  > 

<  initial  pair  record  creation  > 

<  tirst  reqnireaent  for  resolatioa  advisories  > 

<  first  siss  for  resolatioa  advisories  > 

<  positive  single  dlaenslon  resolatioa  advisories 

la  pair  record  > 

<  resolatioa  advisories  laltial  necessity  > 

<  recoapate  doable  dlaenaion  resolation 

advisories  > 

<  recospate  Slagle  diaension  resolatioa 

advisories  > 


ittU  SIIBOIIC  C0RST8HTS 


{DETECTION  COHSTlBTS> 

<«••  "SPBCIlt  EBtailS"  COIST1BTS  •••> 

fl,I  sddeD;  <  oadafinad  ala*  distance  > 

fit  fODTtO:  <  undefined  tau  > 


—  ITktS  SIBBOtIC  COBSTIITS 


B-P5 


<DOHIHO  C08ST1HTS> 


<***  DOHIiO  PHOJECTIOH  VltOBS  ***> 

FLT  SOHPOS;  <  ancoapated  z,  y,  z  position  vectors  > 

PLT  I08VEL;  <  ancoapated  x,  y,  z  velocity  components  > 

<•«*  SUBJECT  1C  POTRHTI1L  RESOLUTIOH  lDVISORI  ST1TUS  *•*> 

1ST  SDOBCC ;  <  this  potential  resolution  advisory  causes  a  doaino 

conflict  > 

1ST  JDOECSC;  <  this  potential  resolution  advisory  does  not  caase  a 

doaino  conflict  > 

HIT  SDOflHP;  <  this  is  a  potential  resolution  advisory,  for  which 

doaino  processing  has  not  been  performed  > 

IHT  JH0T9R1 ;  <  this  is  not  a  potential  resolution  advisory  for  thi3  1C  > 

<***  OBJECT  1C  PESOL0TIOH  IDVISOFT  STiTOS  ***> 

IHT  IDOHC;  <  this  resolution  advisory  tested  against  this  potential 

doaino  conflict  1C  and  doaino  conflict  caused  > 

IHT  SNODOflC;  <  this  resolution  advisory  test  for  doaino  against  this 

potential  doaino  conflict  1C  and  no  doaino  conflict  caused  > 

IHT  f HOTTEST ;  <  this  resolution  advisory  not  tested  for  doaino  against 

this  potential  doaino  conflict  1C  > 


IT IBS  SYBBOIIC  COBSTIBTS 
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<P1I«  ST1T0S  C0«ST1IT3> 


< (BOOTHE  lIBCHhET_PhIS_SQ0IPHBIT_lBD_COBTBOI._SThTE_DETEB8IBhTIOf)> 

<***  PBCOIT  and  PBBQ  TltOES  •••> 


SBOT8COBT; 

< 

both  hC  la  pair  controlled  > 

JBOTHEQ ; 

< 

both  he  1b  pair  hthBS  oqaippod  > 

SBOCOBT; 

< 

DBithoc  he  coatrollod  > 

sioeo: 

< 

ao  hC  la  pair  hthBS  oqaippod  > 

SOBECOBT; 

< 

obo  he  la  pair  controlled  > 

SOBBSQ; 

< 

oao  he  In  pair  hthBS  oqaippod  > 

» 

I 


»I1S  STBBOIIC  COBST1ITS  - - - - - 
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<PSEP  BODSLIRG  CORST»ITS> 

<**»  TBRTIC1L  LBYELS  **•> 


III 

SLET1 

m 

1: 

< 

1«T«1  1  > 

III 

S1ET2 

m 

2; 

< 

laval  2  > 

Ill 

S1BT3 

m 

3: 

< 

la»al  3  > 

<***  HORXZORTli  PITHS  ••*> 

III 

JTLP 

• 

is 

< 

'tarn  laft'  path  > 

hi 

SCSP 

m 

2; 

< 

' continaa  straight '  path  > 

III 

STRP 

m 

3; 

< 

'tarn  right*  path  > 

HUS  STRBOIXC  CORSTinS 
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<STATE  TECTOB  COBSTABTS> 


SAT1; 

SAT2; 

SAT3; 

sat*; 

SOBAT; 


SCLO; 

SC11; 

SCL2; 


SAEQ; 

SABBQ; 

SOHEQ; 


SEAZO; 

SfAtl; 

STAZ2; 

SODEAZ; 


III  SATCEBS; 
lit  SDABS; 


<•*•  ACAT  TALOES  ••*> 

<  AC  la  iasedlate  vicinity  of  airfield  > 

<  AC  along  active  runsay  final  approach  > 

<  AC  in  general  vicinity  of  nansor  > 

<  AC  far  fron  sansor  > 

<  no  araa  typa  daflnad  > 

<***  ACLASS  TALOZS  ••*> 

<  clans  0  ATABS  service  > 

<  class  1  ATABS  service  > 

<  class  2  ATABS  service  > 

<**•  1TSEQ  VALDES  •*•> 

<  AC  is  AT ABS-eg nipped  > 

<  AC  Is  ATAHS/BCAS-egnlpped  > 

<  AC  is  not  ATABS- equipped  > 

<•••  PAZ  TALOES  *••> 

<  AC  not  In  a  final  approach  zona  > 

<  AC  naar  the  airfield  > 

<  AC  along  gilds  slops  > 

<  undefined  final  approach  zona  > 

<••*  TTPl  TALOES  *••> 

<  ATCBBS-equipped  AC  > 

<  DABS-aqnippad  AC  > 


ATABS  STBBOLZC  COSSTABTS 


<***  TOSS  STATE  COSSTkBTS  ***> 


HI  SSTHBQLTT; 
HI  SBKITT; 

HI  SSTH SIGHT; 
HI  SSICR8T; 

HI  SSTHSGRGT; 
1ST  IROHHISOS; 
1ST  SHOHPMS; 


<  strong  isft  tarn  indication  > 

<  soak  left  turn  indication  > 

<  kc  saaas  to  b«  going  straight  > 

<  soak  right  turn  indication  > 

<  strong  right  tarn  Indication  > 

<  so  don't  knos  shat  he  is  doing  > 

<  so  don't  knos  shat  sc  is  doing  > 


W»M  STSBOLIC  COSSTkBTS 
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<TEBR1IB/XIRSPXCE/0BSTXCLF  COESTXHTS> 

<*•*  COHSTXBTS  OSED  I*  SOIIDIRG  COHTROLLER  ltER*  HESS1GE  *»•> 


BITS 

vein 

* 

10000011; 

< 

type  code  for  controller  alert  teenage  > 

5115 

SCOXT 

at 

ii; 

< 

Indicates  aircraft  is  controlled  and 

XTXRS-eqnipped  > 

BITS 

SCOOE 

3 

10; 

< 

Indicates  aircraft  is  controlled  and  unequipped  > 

BIT 

SROVOICE 

3 

0; 

< 

indicates  controller  voice  eoanunicatlon 

not  required  > 

BITS 

SORB 

I 

10; 

< 

aessaqe  type  for  obstacle  alert  > 

BITS 

sb  x  n 

* 

ii; 

< 

aessaqe  type  for  restricted  airspace  alert  > 

5112 

JTXB 

3 

01; 

< 

aessaqe  type  for  terrain  alert  > 

511 

SVOICE 

3 

i; 

< 

Indicates  controller  voice  cosannication 

required  > 


XTXIS  3TEB0LIC  COISTXETS 


B-P11 


APPENDIX  C 


SYNTAX  OF  E  PSEUDOCODE 


This  appendix  provides  a  concise  overview  of  the  syntax  of  the 
pseudolanguage  IS.  The  Information  supplied  should  be 
sufficient  to  allow  the  reader  to  decipher  the  logic  specified 
in  this  document.  For  a  complete  discussion  of  pseudolanguage 
In  general  and  E  in  particular,  see  Reference  13. 

C.l  General  Information 

A.  E  ■  Eclectic  System  Specification  Language 

B.  E  is  similar  to  other  pseudolanguages,  except  that 
indentation  counts;  no  BEGIN/END,  IF/ENDIF,  DO/OD,  etc. 

C.  E  character  set  conventions: 

Underscored  text  denotes  E^  constructs. 

Uppercase  text  denotes  "real”  program  statements. 

Lowercase  text  denotes  abstract  (pseudo)  statements. 

Angle  brackets  ('*<",  ”>H)  denote  comments. 

Semicolons  are  used  as  statement  delimiters. 


An  example: 


REPEAT  UNTIL  (all  conditions  satisfied); 
Obtain  message  type; 

IF  (obsolete  message  OR  A  EQ  SQRT(B)) 
THEN  PERFORM  message  elimination; 

END REPEAT ; 


D.  Identifiers  have  no  inherent  length  limit.  Underscores  are 
used  to  break  up  long  names,  as  shown  in  the  example  above. 

E.  Syntax  definitions  below  follow  convention  of  having  square 
brackets  ("[",  "]”)  indicate  optional  statement  elements. 


C-l 


C.2  Blocks 


External  Blocks 

TASKs  and  ROUTINES  are  the  external  blocks  supported  by  15. 
Although  they  are  functionally  equivalent,  ROUTINES  tend  to  be 
subordinate  to  (i.e.,  invoked  by)  TASKs. 

Syntax : 


TASK  taskname 

[ IN  (input  parameter( s)) ] 

[OUT  (output  parameter(s) )) 

[ INPUT  (modified  parameter(s))] ; 


END  taskname; 


ROUTINE  routinename 

[IN^  (input  parameter(s) ) ] 

[OUT  (output  parameter( s)) ] 
[INPUT  (modified  parameter(s) ) ] ; 


END  routinename; 


Input  parameters  are  read  but  not  modified;  output  parameters 
are  set  by  the  block;  modified  parameters  are  read  and  then 
modified . 

Functions  may  also  be  defined.  The  returned  value  may  be 
assigned  to  the  single  output  parameter  or,  alternatively, 
assigned  to  the  function  name  itself. 
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FUNCTION  f unctionname 

[IN  (input  parameter(a))] 
[OUT  (output  parameter)]; 


END  f unctionname; 


Invocation  of  External  Blocks 


TASKs  and  ROUTINES: 


CALL  blockname 

[IN  (input  parameter(s))] 

[OUT  (output  parameter(s))} 
[INPUT  (modified  parameter(s)) ] ; 


Functions  are  invoked  by  name: 


J  -  SQRT(K) ; 

L  -  OWNER  OF(M) ; 


Internal  Blocks 

Internal  blocks  (known  as  processes)  serve  as  a  means  of 
decomposing  a  large  block  (external  or  internal)  into  manageable 
one-page  segments*  They  are  known  only  to  the  block  in  which 
they  are  defined.  They  do  not  accept  parameters,  as  it  is 
assumed  that  internal  blocks  have  access  to  all  variables  known 
to  the  invoking  block. 


PROCESS  processname; 


END  processname; 


C-3  : 

f 

* 

i 

_ _ .  ...  _  _ . i 


Invoc atlon  of  Internal  Blocks 


PERFORM  processname; 


Nomenclature  of  Internal  Blocks 

A  TASK  or  ROUTINE  might  be  decomposed  into  processes  as  follows: 


Processes  frequently  Invoke  external  blocks  (TASKs  and  ROUTINES) 


Logic  Document  Organization 


When  pseudocode  Is  presented  In  formal  logic  documents,  each 
chapter  Is  typically  devoted  to  defining  a  single  task.  Within 
a  task  definition,  the  blocks  of  pseudocode  appear  in  a  standard 
sequence: 

.  The  task's  main  logic; 

.  First-level  processes,  in  order  of  invocation; 

.  Lower-level  processes,  in  alphabetical  order. 

C.3  Data  Types 

Variables 

Variables  are  declared  at  the  beginning  of  a  block  in  the  format 
shown  below: 


BIT  bitname; 

BITS  strlngname; 
CHR  strlngname; 
FLG  bitname; 

FLT  name; 

I NT  name; 

PTR  name; 


< single  logical  bit> 
<bit  string> 

<character  string> 

< synonym  for  BIT> 

< floating  point  number> 
<integer> 

<pointer> 


The  precision  of  numeric  variables  and  the  length  of  strings  are 
implementation-dependent,  although  comments  on  the  declaration 
may  be  used  to  indicate  specific  requirements. 

Arrays  are  declared  by  means  of  subscripts: 


INT  Z0NES(4); 


< four-element  array> 


E_ uses  PL/I  syntax  for  pointer  qualification.  Thus, 
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I 


P— *x 


means  "the  copy  of  X  pointed  to  by  P." 
Constants 


Constants  in  12  are  variables  that  are  assigned  a  value  when  they 
are  declared  and  keep  that  value  forever.  By  convention, 
constant  names  are  preceded  by  dollar  signs  in  12  to  remind  the 
reader  that  they  are  special. 


FLT  JFTPERNM  -  6076.115; 

I NT  $TL  -  2;  <Turn  Left> 


On  occasion,  the  constant  is  shown  without  a  corresponding 
value.  This  convention  indicates  that  a  constant  is  required 
but  that  its  value  may  be  anything  the  system  implementor 
chooses. 


Built-in  Constants 


Strictly  speaking,  the  only  hard  constants  permitted  in  code  are 
zero  and  one.  12  recognizes  the  logical  constants  $TRUE  and 
$FALSE.  Two  special  statements  are  provided  to  set  and  clear 
bits : 


SET  bitname;  < bitname  ■  $TRUE  > 

CLEAR  bitname;  < bitname  »  $FALSE  > 


The  built-in  constant  $NULL  defines  a  null  pointer. 
Data  Structures 


E  provides  a  mechanism  for  grouping  related  variables  into  data 
structures: 


C-6 


STRUCTURE  structurename 
GROUP  groupname 

FLT  varlablename 


ENDSTRUCTURE; 


An  arbitrary  number  of  groups  may  be  defined.  The  keyword  LIKE 
may  be  used  to  indicate  that  a  group  is  identical  to  another 
group  or  a  structure  identical  to  another  structure. 

When  a  variable  that  has  been  declared  inside  a  data  structure 
is  used  in  code,  it  must  be  qualified  with  the  name  of  the 
structure  (and  the  name  of  the  group,  if  needed  to  resolve 
ambiguity)  : 


SVECT.X  =  PREC.ctl  thresh. ALT; 


When  groups  are  manipulated  as  a  unit,  the  GROUP  keyword  may  be 
included  as  an  aid  to  the  reader: 


CALL  COMPUTE 

I  INOUT  (GROUP  SVECT. radar  reports); 

l 


Expressions 

assumes  the  existence  of  the  usual  repertoire  of  built-in 
functions  (ABS,  SIN,  SIGN,...).  Within  logical  expressions, 
logical  operators  are  of  the  form  LE,  LT,  GE,  and  so  on. 

C.A  Flow-of-Control  Constructs 

E  uses  a  set  of  f low-of-control  constructs  that  incorporates 
structured  programming  principles.  Readers  familiar  with  other 
pseudolanguages  are  once  again  reminded  that  indentation  counts. 


• 
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IF-THEN-ELSE 


This  Is  the  usual  conditional.  The  ELSE  clause  is  optional  (but 
recommended  in  complex  statements).  Since  readers  will 
presumably  be  familiar  with  the  syntax  of  this  construct,  the 
example  below  is  meant  to  emphasize  the  effects  of  indentation. 


IF  (condl) 

THEN  si; 

S2; 

ELSE  s3; 

IF  (cond2) 

THEN  s4; 
S5; 

S6 ; 


IF-ELSEIF-OTHERWISE 


This  is  the  multiple-choice  conditional  (like  SELECT-CASE  in 
other  languages).  The  conditions  are  mutually  exclusive.  If 
all  the  logical  tests  fail,  the  optional  OTHERWISE  clause  is 
executed. 


IF  (condl) 


ci 


SI 


THEN  si; 
ELSEIF  (cond2) 
THEN  b2; 


•  •  • 


f OTHERWISE  sn;] 


REPEAT-WHILE 

This  is  the  first  of  three  looping  constructs.  Note  that  the 
logical  test  takes  place  at  the  top  of  the  loop,  so  that  tha 
loop  may  never  be  executed* 


REPEAT-UNTIL 

This  construct  is  the  complement  of  REPEAT-WHILE:  the  logical 
test  is  performed  at  the  end  of  the  loop  and  the  loop  continues 
while  the  condition  is  not  true.  The  loop  body  is  always 
executed  at  least  once. 
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REPEAT  UNTIL  (condl); 


LOOP-EXITIF-ENDLOOP 


This  construct  provides  a  good  general-purpose  looping  mechanism. 


In  some  cases,  low-level  operations  within  the  three  looping 
constructs  (such  as  obtaining  the  next  element  in  a  linked  list) 
will  be  omitted  for  brevity. 
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